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INTRODUCTION

In recent years energy shortages have prompted both government and private
industry to seek and develop unconventional o0il and natural gas resources. The
U.S. Department of Energy's (DOE) Eastern Gas Shales Project (EGSP) has been in
existence for approximately four years and has as one of {ts goals the commercial
development of some of the more organic rich Devonian shale reservoirs underlying
the Appalachian, Michigan, and I11linois Basins. A part of this effort involves
the development of mathematical models with predictive capability so that
various alternative production schemes can be investigated and accurate fore-
casts of additional recovery can be made.

Most Devonian shale reservoirs are believed to consist of very tight porous
shale formations which contain a network of randomly distributed natural fractures.
Under these conditions, the fractures may provide most of the permeability to gas
flow, but contribute very little to the overall storage capacity. By comparison,
the matrix of the shale may provide most of the storage capacity of the shale, but
has very low permeability.

Gas transport in the Devonian shale matrix can be by three primary mech-
anisms: Fickian diffusion, Knudsen diffusion, or Darcy flow--depending upon the
pore diameter, the mean free path of the free gas molecules, and the existence of
a pressure gradient. Knudsen diffusion is the term applied to diffusion in pores
with small diameters and/or at low pressure when collisions of gas molecules with
pore walls are more frequent than intermolecular collisions. Also, it is
believed that physical desorption is a contributing factor to gas production.T’2

Although several studies on Devonian shale modeling have been presented3'6,
a careful review of the results indicates that much work remains to be done before
adequate predictive capability exists. The two-dimensional numerical mode]
presented here is believed to be a significant step in advancing the state-of-
the art in forecasting performance of Devonian shale reservoirs. It is
based on the mathematical model presented by Kucuk and Sawyer7 and is an exten-
sion of the work presented in a previous SAI report.8



Science Applications, .nc.

supapy  July 31, 1980

The Department of Energy (DOE), Morgantown Energy Technology Center (METC)
has been supporting the development of flow models for Devonian shale gas
reservoirs. The broad objectives of this modeling program are:

1. To develop and validate a mathematical model which describes gas

flow through Devonian shales.

2. To determine the sensitive parameters that affect deliverability
and recovery of gas from Devonian shales. '

3. To recommend laboratory and field measurements for determination of
those parameters critical to the productivity and timely recovery of
gas from the Devonian shales.

4, To analyze pressure and rate transient data from observation and pro-
duction gas wells to determine reservoir parameters and well
performance. '

5. To study and determine the overall performance of Devonian shale
reservoirs in terms of well stimulation, well spacing, and resource
recovery as a function of gross reservoir properties such as
anisotropy, porosity and thickness variations, and boundary effects.

During the previous annual period, both a mathematical model describing gas
flow through Devonian shales and the software for a radial one-dimensional
numerical model for single well performance were completed and placed into
operation.8 The radial flow model is a useful tool for studying single well
behavior and has been used to history-match Devonian shale well production data.
Also, by use of simulated pressure transient tests, it has been used as an aid
in the site selection process for the Offset Well Test Program.g‘ In addition,
a study has been conducted using the radial flow model to determine if well
interference data can be used to obtain more uniqueness in history matching.10

Although the radial flow model is a powerful tool for studying single
well behavior, it is inadequate for determining the effects of well spacing,
stimulation treatments, and variation in reservoir properties. Hence, it has
been necessary to extend the model to two dimensions, maintaining full capability
regarding Klinkenberg effects, desorption, and shale matrix parameters. During
the current annual period, the radial flow model has been successfully extended
to provide the two-dimensional capability necessary for the attainment of overall
program objectives, as described above. '
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To date, the two-dimensional model has been extensively tested for a wide
variety of conditions including multiple wells with constant rate and/or
constant-pressure production, variable formation thickness, and reservoir
anisotropy. It is believed that this model will prove to be an important step
in developing accurate predictive capability for the Devonian shales.




CIN TaaC T W00
Science Applications, Inc.
July 31, 1980

TWO-DIMENSIONAL MODEL

Introduction

Considerable progress has been made in formulation and numerical treatment
of gas flow through Devonian shales during the last few years. The most recent
contributions provide an analysis capability for dual-porosity systems with
desorption and Klinkenberg effects. Progress in simutating the performance
of Devonian shale gas reservoirs is, however, not so advanced. Initial
simulation attempts were concerned primarily with the transport of the gas
through Devonian shales. This report presents the formulation and associated
numerical procedures for two-dimensional flow through Devonian shales.

The simulator was formulated to establish a model that would represent
a broad range of well and boundary conditions. It is believed that the formu-
lation accounts for the relevant mechanism of gas flow in Devonian shales.

In addition to formulation and numerical procedure details, some illustrative
computational results are presented.

Mathematical Formulation
The flow equations that are included in the model are presented here.
It is assumed that gas transport in Devonian shale reservoirs occurs only in
a porous fracture medium into which matrix blocks of contrasting physical
properties deliver their gas contents. That is, the matrix acts as a uniformly
distributed gas source in a fracture medium. Gas desorption from pore walls
will be treated as a uniformly distributed source within the matrix blocks.
General assumptions made for the development of the mathematical model
are as follows:

1. The reservoir has single-phase gas flow.

2. The reservoir is at an isothermal condition.

3. Gravity effects are neglected.

4. Surface diffusion of adsorbed molecules on the walls of the pores
will be neglected in the mathematical model. However, those gases
which are adsorbed on pore walls pass through more efficiently than
those which are not. For example, helium is not easily adsorbed
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which are adsorbed on pore walls pass through more efficiently than
those which are not. For example, helium is not easily adsorbed
at ordinary and higher temperatures and, therefore, does not flow

readily through a porous medium. The adsorbed phase must contribute
to the overall flow. Thus, neglecting surface diffusion in the model

will reduce the flow rate from the matrix.

- Gas flow through the fracture system can be described by the following
: equation:
. s ]+w( t) = (o) (1)
- pu p1= mpfa 'a'f¢fp
where: ' 3
p = density, g/cm
ke = fracture permeability, darcy
u = viscosity, cp
¢f = fracture porosity
pf = fracture pressure, atm -
t = time, sec
W, = mass flow rate pes volume of shale matrix

element, g/sec/cm

The equation of state for real gas is given by:

(2)

where

« molecular weight, g mole
universal gas constant, cm -atm/
reservoir temperature, K

real gas deviation factor

g mole K

N~4DTX
ununw

Substitution of eq. 2 into Eq. 1 yields:

ke P P P
J £ °f f _ 9 f
V['u_Tfo] *Tqm'zrf(“’ﬁ) (3)
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where
q. = volumetric flow rate per vglume of shale
matrix element, cm3/sec/cm3

Ak (apm

_hike __)
Vm H on surface

Am = surface area of matrix element, cmz
Vm = yolume of element, cm3

Equation 3 describes gas flow through the fractured shale reservoir with a
source term which is the contribution from the shale matrix. Gas transport
through the matrix is also described by the diffusivity equation with a source
term due to desorption of gas from the pore walls of the matrix. The following
equation describes the motion of gas through the matrix. ‘

k
Ve [p _gm me] *wy = '?Tt' (¢rPm) (4)

where .

x
]

permeability to gas, darcy

desorption rate, g/sec/cm3 shale
matrix pressure, atm

o
3
[}

On = matrix porosity

The rate .of desorption can be expressed as:

wz-M.d—CAiP_[D. (5)
d dpm at

where
4 = concentration of gas at the surface of pore
walls, mole/cm3 shale
dcd
o - slope og gas desorption isotherm curve,
P mole/cm® shale/atm
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The gas permeability of a porous medium usually exceeds the liquid per-
meability of the same medium. The difference in these permeabilities is due
to the phenomenon known as gas slippage, which is related to the mean free
path of the gas molecules relative to pore diameter. Consequently, the
gas permeability of a porous medium should be a function of the temperature,
pressure, and the nature of the gas. K]inkenbergn developed the relationship
between gas permeability of a porous medium to a nonreactive liquid; viz:

k=k(1+2-) (6)
g 2 3
P

where b is the k]inkenberg factor which is constant for a given gas and a
given porous medium at a constant temperature. A graph of kg versus 1/3&
should result in a straight line with an intercept of kz and a slope of bkz.
Thus, gas permeability is greater at low pressures. Klinkenberg factor, b,
was recently given by Jones and Owens]2 as:

-

-.33

b = 12.64 kl (7)

for gas sand in the permeability range of 0.1 to .0001 md.

As can be seen from Eq. 6, kg is a function of mean pore pressure and
pore diameter only because all other parameters are constant for a given gas
and a given temperature. Since pore diameters are small for Devonian shales,
b is expected to be large. Therefore, the Klinkenberg effect or slippage
factor cannot be ignored in the Devonian shale model.

Substitution of Equations 2, 5, and 6 into Equation 4 yields:

h
where ¢ dc

d = HEQ RT, dimensionless
The source term in Eq. 3 can be determined from the solution of Eq. 8. An
iterative finite-difference solution technique is used to solve Eq. 3 and Eq. 8
simultaneously. petailed development of the numerical procedure is presented
in Appendix A.
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The principal limitation at this timeJ?%&nélfr&ﬁs?ack of information
about the desorption, and the size of the shale representative matrix element
which is approximated as a cylinder. Additional indepth studies are needed
to help define both the conceptual and mathematical reservoir models. Moreover,
profiles of rock matrix and fluid properties are needed. This information
should add considerably to the degree of definition of the model. In addition,
drawdown, buildup, and interference tests would be important to calculate in
situ properties of the rock by using the model. It seems likely that several
wells would be needed to validate a flow model which would be relevant to
conditions of the reservoir exploitation.

Wellbore options are presented below.

Wellbore Options

1. Skin Factor
For radial flow simulations, skin damage may be handled via a damaged

zone permeability obtained from the equation presented by Craft and Hawkins '3

s = (k- kd)/'kd * ]n(rskin/rw) | (9)
where k is the undamaged permeability and kd is the permeability of a

damaged zone between T and Pskin. It is convenient to take node 1 to be
within the wellbore and node 2 to be the damaged zone. Then, for a given skin
factor, S, one can solve Eq. 9 for the value of kj, using Fskin 25 the
external radius of node 2 in the simulator. The value thus obtained, when
input into the simulator as the permeability of node 2, will result in well

performance corresponding to a dimensionless skin factor of S.

2. ‘Wellbore Storage

Although no explicit provision for wellbore storage exists in SUGAR-MD,
the effects of afterflow can be readily observed by appropriately modifying
porosity values in the input data for subroutine PARM. For example, when a
small grid-block is used (e.g., .25 ft x .25 ft in cartesian coordinates),
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it is only necessary to assign a porosity value so that the array VP in the
simulator contains the proper (desired) wellbore volume, That is, if Vw is
the wellbore volume, then we must input the value of porosity {phi) which
satisfies

(phi) * dx * dy * dz = VN (10)
This may be done for any number of nodes by utilizing the "special porosity
values" option in the routine PARM. It should be noted that the pressure
thus calculated by the simulator will be the average wellbore pressure, _
assuming that the grid-block dimensions are close to actual wellbore dimensions.
In order to actually see the "afterflow" rates, each node at which wellbore

storage is to occur should also be specified as a "history node" as discussed
in Appendix B. This will assure that, upon shut-in, the afterflow rates are
printed at each well.
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APPENDIX A

FLUID FLOW EQUATIONS AND CONCEPTS

Reservoir Nodes

With reference to Figure la and the basic definitions

F = flux, rate of flow of quantity being conserved/unit cross-sectional
‘ area normal to the direction of flow ‘

C = concentration/unit volume
q = input rate/unit volume,

we see that the fundamental conservation relationship has been changed

Net Input = Net Change (A-1)

When expressed over a time interval t is

(F ) ax - (F )X+Ax} aysz + {(F ), o - (Fy y+A¥} sx4z + (a2)
- t+at” t
{(F), a7 - (Fz)z+Az} Axdy + q(axayaz) = AXAyAZ ————

Here Fx’ Fy’ and Fz are in the positive x,y, and z directions, respectively,
and we have divided both sides by at.

Assuming the x,y, and z axes are the prihcipal axes of conductivity, fluid
flow in porous media, heat conduction in solids, and diffusion all have flux
components of the form .

ook a MU |
FsAs=as= KsAs as | ~ (A-3)

where s represents one of the coordinate axes and KS is a general conductivity
term. Using the differential form

BU
Fg=-Ks EE_' (A-4)

12
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o Y/

*ﬁ/ (x,y,2) Fx

Ax

A
.

&

@ —«€

AZ

X

(2) volume element and coordinate conventions

it

i+l

T k+l
3-1

(b) finite-difference notation

Figure A-1. Volume Element Representations-Cartesian Coordinates

13
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E_.-".-’ \ \\ AZ
-="K \

——

N(
p"

g = %ﬁ% [utr,) - utr)] (or360)

(a) Coordinate Convention

) Azk

VR RS
A ) '\
A

— =
—""-J("_ i . \\
P e \\ \\
N \
V‘\\ \‘ Azk+2
\

(b) Finite-Difference Notation
Figure A-2. Vclume Element Representations -- Polar Cylindrical Coordinates

14
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in (3), dividing by x y 2z, and expressing C in terms of U gives equation of
the form .
Koy = 2 U ' A-5
v-KWU = 2 =% (A-5)

The most direct approach to developing a finite-difference model, however,
takes a different route.
Defining the coefficient of U, in Eq. A- 4 as the transmissibility across the

appropriate face of a volume element as 111ustrated in Figures 1 and 2

- , KA
A
=4 - (A-6)
ve see equation 3, that

A - SR .
(F,) _Aza x4 = TXX_%a (Uy_ax = Yy) (A-7a)
(F )x*\_A_X_ X+ %X = Txx_i%(_ (UX'*'AX - Ux). . (A-7b)

Similar results hold for the y and z terms. Setting Q = q ( 4x Ay az) and V

= Ax Ay Az, and us1ng the f1n1te difference notation of Figure 1, equation 3

- . thus becomes .

TZy 172 (Uyy = Y) + T3, (U - U5) +
Hiaaz20Uio1 - Vi) + Xy (”1+1 Uid + R
Wi1/2W50 - U5) * g p Uy - G) + Q= &V =7} (A-8)

Here, most subscripts 1, j, and k have been suppressed for brevity and a
superscript has been added to denote the time level on the RHS. All U's on
the left hand side are taken at time level n+l. Each block to block
~ transmissibility is the harmonic mean of the two values.

For Darcy flow of a gas through a porous media of permeability k and
porosity 9 we have

K= ;B—g-\ (A-9)
C=¢p (A-10)

15
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where u is gas viscosity and p is gas density given by

o = %T .2 | (A-11)

Since our dependent variable is pressure and
T

Pse z '
B = « = A-12
equation (8) becomes .
Xt (Piy = Py) + Xy (Pyq - ) #
TWiase (Pjay = P) + Ty (Pryq - ) #
T ' n+l n
Q. + Q= eav 2= {p/z) = (p/2) (A-13)

pSC

where each term has units of SCF/day. The nonlinear term on the RHS may be
expanded as follows

n+] n ' '
: P egn o1y 1 il o -
‘;%;.T N P (z* zn) + z* (Pi Pi) (A-14)

< s +
where z* represents an approximation to 2" 1.

Using z* = 2" to start, equation 13 may be solved by any of the standard
techniques (e.g. LSOR, APIP, direct methods). Then using the new pressures
new z*'s may be calculated and the process repeated until no further change is
observed. Normally only two to four iterations are required for convergence.

Matrix Element

Gas flow through a "matrix" element, including the Klinkeénberg effect,

can be described by

5 kn P dc ap p
m'm b_ _ D m 5 -
! L‘ z (1 i P ) me} ) (dp) RT 3¢+ ¥ 3% <—z (A-15)
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where cp is adsorbed gas concentration, mo1es/cm3, T is in degrees K, R is the
gas constant in cm3-atm/g mole degrees K, and other terms are in Darcy units.
Solution of Eq. 15 may be accomplished by first writing the finite-
di fference analog. Subscript "2" will be used to distinguish the matrix
equations from the reservoir finite-difference equations. The Klinkenberg

term can be accounted for by first calculating effective gas permeability

kgn = kp (1 + b/p")

and then determining transmissibilities in the normal manner. The additional
term due to desorption in the "matrix" may easily be handled. Thus, the finite

difference analog of Eq. 15 is

n+1 n+1 n+l n+l n+1 n+1 -
TRy-x 6’2—1 =Py ) * TRow, (pzﬂ is) > ) (A-16)

dok
Y ($> (p;” - pQ)
At \dp
Py
where V, = anFi (rl +1 - rl) and ** denotes the average of p, and pg.

In Eq. 16 TR is the interblock transmissibility which, for a cylindrical element,

is defined as follows:

= Th

T
sc n+l n+1 ) (A-17)

T Mo (y-p

TRy ot

17
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where | k k .
o™, - 2l L (A-13)

kg (2)g 8 (rg/r, o+ kg ¢ (nz)y g try/ry)

In this case we have only a one-dimensional problem and it is easy to see

that a tri-diagonal system is present; that is,

n+l n+l n+l
a, Ppq *by Py * CPpg = dy (A-19)
h _ *
T,V **
.. Ty Y ofac
by == TRy g, = TRy, - -3 (dp) p (A-20b)
2, 2
_ *
€, = TRym, (A-20c)
T v **
- |t ., & [de n
and dg= -Ion * 3\ Pe (A-20d )
Zy Py

The source term, Q, in Eq. 13 may be written implicitly in terms of matrix

and fracture pressures as

n+l n n+l .
= TR"L-% <pm, L-1 ~ Pm, L) (A-21)

To maintain pressure continuity at the matrix element boundary we must have

n+l _ n+l
Pm, L = Pi,i.k. (A-22)

18
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APPENDIX B
PROGRAM DESCRIPTION

Introduction

SUGAR-MD is a general purpose two-dimensional reservoir simulator
for gas reservoirs. It is extremely versatile in that it can be
used to study fractured formations and will efficiently solve one-
or two-dimensional probiems in either cartesian or polar cylindrical
cqordinates. Although three-dimensional arrays are used in the
code in its present form, all testing and debugging has been_done
using only two dimensions. Significant changes would be necessary
(such as the determination of bottomhole pressures and/or rate
allocations for multi-node wells) in order to extend the model to
‘have comp]eie three-dimensional capability. Hence, SUGAR-MD must
be considered a 2D model and no attempt should be made to run with

more than one layer in the z-direction.

Boundary conditions are completely flexible in that any desired
pressure or rate (as a function of time) may be imposed at any
interior or boundary block within the finite-difference grid. In
the radial mode, SUGAR-MD may be used as a well simulator. For
example, it may be used for history-matching well test or production
data, studying the effects of dual-porosity systems, or forecasting
production performance of isolated wells. 1In the rectangular

mode, the reservoir may be virtually any shape by use of "zero

permeability blocks". Complete heterogeneity of reservoir

19
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properties is permitted in the sense that each finite-difference srid-
block may have a unique porosity value as well as uniaue Permeability
values in each of the coordinate directions.
In either case> a Fractured‘reservoir mav be simulated by sPecifvins
a nonzero value of the input variable MCODE alons with "matrix"
porosity and Permeability values and element size (fracture spacins).
Also desorption of sas from pPore walls of the "matrix” can be consid-—
ered by inputtine an arpropriate desorption isotherm. A srecialized

non-linear least sauares techniaque is used to develor an eauation

which fits the input table values in the "least sauares™ sense.

Hereafter, the term “"matrix” will be used to denote the less permeable
portion of the formation (e.gs. Devonian shale) mhich delivers its sas
contents into an existins natural fracture svstem. The ?racturé‘svstem
will sometimes be denoted by "reservoir” since the model is a sas flow
simulator in which all flow into wells octcurs in the primarv or
fracture system pPorositvy. The "matrix" acts as a uniformlv distributed

source within the fracture svystem.

Two user spPecified solution algworithms are available in SUGAR-MD. For
most Problems, LSOR (Line Successive Over;Relaxation94 is recommended
as it is very pPowerful and requires vervy little array storage. For
one—dimensional Problems, srecification of the acceleration rarameter
(OMEGA) equal to unity will sive a direct solution the first iteration
using the tridiasonal alserithm. For very difficult problems (e.s9.

LSOR converses very slowlvy) a direct solution alsorithm (D4SM), which

uses the D4 orderins s<:herma']5 may be used if sufficient core storase

20




is available.

A special subroutine ISTOR) is included in the code to

approximate the amount of memorvy needed for arrays used for storase

of fracture svstem Parameters.

Description of the Code

The model consists of 25 subroutines which are invoked as needed to

rerform the necessary I/0 orperations and specialized calculation

Procedures. A brief description of each routine is siven in Table 1.

TABLE 1 - DESCRIPTION OF SUBROUTINES IN SUGAR-MD

No. Name

1 BDRY

2 CPRES

2 D4sSM

4 FRIC

S SUGRMD
& GRDMD

7 IDXSMD
= LSOR

9 NLLSQS
10 ORDER

Function

Determines share of boundarv by zeroins
rermeabilities in specified orid—blocks

Calculates internal injection rates at

sPecified nodes {(variable pPressure and
history nodes)

Solves for new pPressure distributiaon
(direct method using [4 arderinsgs)

Calculates friction factors for bottom—
hole pressure calculations

Main prooram — also in subroutine form
to facilitate "dvnamic dimensionins”

Establishes gseometry and grid-block
dimensions based on inPut data

Allocates storage into workins arravys
based on user sPecified dimensions
and calls main simulator (SUGRMD)

Calculates new Pressure distribution each
time—ster (iterates line bvy line in x-
direction)

Determines non-linear least sauares
coefficients for isotherm data

Calculates pParameters for D4SM resardins
D4 arid-block numbering scheme
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12

i3

14

15

16

17

18

19

20

21

24

235

PARY
PBH
PWH
SOURCE
RVOL
SPECN
STOR
TRANSZ2

TRNRD1

SYMM
UINIT
RDATA

PRTSMD

PCGINV

INTRP1

ZS52AT 1S5 7es POrOSLIY AnC PeMliend,.. ...
for each grid—-block

Calculates bottom—hole pPressure at nodes
with specified wellhead Pressure

Calculates wellhead pressure at nodes
with specified rate

Establishes pPressure and rate boundary cond-
itions based on input datas fractured wells
mavy be simulated bv treatins each node Pane—
trated by the fracture serarately

Establishes pore volume of each nodei reads
rarameters ragardins solution techniaue.,
convergence tolerances. and output format

Writes on UNIT & and/or 7 pressure and cal-—
culated injection rates at specified
"historv nodes”

Calculates storase requirements for
"reservoir" arravs based on user
specified dimensions

Calculates inter—block transmissibilities
between “reservoir"” nodes

Calculates® radial transmissibilities for
solution of pressure distribution within
"matrix" elements

Solves linear svystem of eauatiocns with
symmetric matrix (called by D4SM)

Establishes initial epressure at each srid-
block

Reads sas property data and desorption
isotherm table

Prints reservoir pPressure distribution.
production rates, etc. at pPre—-selected
time—stars

Prints summary of resource recoverwy
at Pre—selected time-sters

Linearly interrolates gas viscosity

and z—factor table to urpdate values
at each "reservoir" and "matrix” nade
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Details of the fundamental equations used is SUGED-MD, includine a

derivation of the finite—difference equations. are siven in ArPend-
ix A. Appendix Blcontains a listins of all subroutines which have
many comment statements to facilitate understandins and/or user

modification.

Data Preparation

The code is written in FORTRAN IV and should be easily adarted to
anvccomputer srystem which supports FORTRAN and has sufficient speed
and available memory to be practical. As described in Table 1.

inpPut data is read by various subroutines and stored for subsequent

execution.

Unless otherwise specified, inteser‘and real variables are read with
IS and F10.0 format spe&ifications: respectively. Detailed instruct-
ions follow for Preparins inPput data. Where the designation "Title
Card" aPpPears, the card mavy contain any desired information. It is

intended pPrimarily for user identification of data.

INPUT DATA FOR SUBROUTINE GRID

1. Title card

2. Reservoir dimensions(ft) ~—————= FORMAT(3F10.0,321I3)
LX Distance in x—direction
LY Distance in vy—=direction
LZ Distance in z—direction
KLX==———e———-x=direction code{nonzerce for radial or eolar coord.)
KLY v~direction code(nonzero for radial or polar coord.)

KLZ=———=————z-direction caode

3. Number of srid-blocks and seometric codes————-FORMAT(&LID)
I1 Number of x—direction srid-blocks
JJ Number of v—direction srid=blocks {JJ=1 for KRAD=1)
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UGR File #365

KK Number of z-direction srid-blocks (SEE REMARKS)
KRAD—————=—— Geometric selector:
spacify "O0" for rectansular coordinatess
specify "1" for radial coordinates (r-2)3
specify "2" for polar coordinates (r—-0-z)
JIl—————————Psgeydo—-2D selector:
nonzero for variable width in yv=direction
(use only when KRAD=0, KLY=0, and Jd=1)
KKl ——————— Pseudo—-3D selector:

Uniform 9rid
If KLX=0, 9r
If KLY=0, sr
IF KLZ=0, g9r

nonzero for variable thickness
{use only when KRAD=0, KLZ=0, and KK=1)}

s are obtained for the followins conditions:
id-block size in the x—direction is LX/II.
id=-block size in the v-direction is LY/Jd.
id-block size in the z—-direction is LZI/KK.

X-direction grid-block dimensions———FORMAT(1S5.F10.0)

1 Grid—-block index

DX(1)—==————m Grid-block size (rectansular coordinates)s
Inner radius of orid block (polar coordinates)s
11 cards are read when KLX in nonzero & KRAD=0.
I1+1 cards are read when KRAD is nonzerc.

Y-direction erid-block dimensions——FORMAT(IS,F10.0)

J Grid-block index

DY{(J)=—————=0Grid=-block size:
feet - rectansular coordinatess
degrees ~ polar coerdinates

Z-direction

For radial coordinates specify JJ=1 and DY(1)=340.
If JJ=1 & JJ1 is nonzero, specifvy DY(1l) nonzero.
JJ cards are read when KLY is nonzero.

arid-blocks dimensions———FORMAT(IS.F10.0)

Y-direction
1

Grid-block index (SEE REMARKS EBELCW)

Grid-block size:

If KK=1 & KK1 is nonzero, specifv [Z(1) nonzero.
KK cards are read when KLZ is nonzero.

variation in x-direction grid-blocks——-FORMAT(IS.,F10.0)

DY1(I)—————

Z~direction
HZ(1,J)=————-

Grid=block index

Grid~block size (v—direction)

KK1 must be O for this ortion

II cards are read when JJd=1 and JJ1 is nonzerc.

variation in srid-blockg===—- FORMAT(IS, 10FE.3)
Thickness values for Jth rouws

I1 values must be read’ continue on additional
cards as necessary. The row order must he JJd,

JJd-1. JJ‘-Z’ —— 1.

REMARKS: (a)

(b)

Option 7 is Particularly useful for cross—sectional
or svmmetrvy element studies

Option 2 is invoked whenever JJ>1, KK=1, JJ1=0, and
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KK1 is nonzero. It provides the capability for
variable thickness simulations without havins to
incur the time and expense of a 2D run.

(c) DY(1) and DZ(1) must be nonzero for ortions 7 and 8.

(d) For radial or polar coordinates the x—direction
becomes the r—direction: the v-direction is the
O—-direction for polar coordinates.

(e) Multi-laver carability is comepletely untested
for dual pPorosity simulations -—— I.E. SPECIFY
KK = 1 UNTIL 2D CAPABILITY HAS BEEN VALIDATED.

INPUT DATA FOR SUBROUTINE PARM

Title card

Porosity and permeabilivy distributions————- FORMAT(4F10.0,21%3)
PHIC==~==—==Initial Porosity to assisn toc all srid-blocks
KXC- ~——Initial Permeability (KX) to assisn to all blocks
KYC==—==—————Initial permeability (KY) to assisn to all blocks
KZC-——==———-Initial Permeability (KZ) to assien to all blocks
(FOR LATER UZE WHEN MODEL IS TESTED FOR 2D)
NUMP=——————=Number of nodes tc alter initial porosity

NUMK X === Number of nodes to alter initial pPermeability (KX)
NUMKY ————— Number of nodes to alter initial permeability (KY)
NUMKZ——==———=Number of nodes to alter initial permeability (KZ)
KPH Porosity code

KKX=———————— Permeability code (KX)

KKY———————m Permeability code (KY)

KKZ Permeability code (KZ)

(FOR LATER UZE WHEN MODEL IS TESTED FOR Z2D)
Special porosities—-———-FORMAT(31S,.F10.0)

I x=-direction index
J ry-direction index
K z.z~direction index

PHI(1,J>K)=-New porositr value
NUMP cards are read.

Porosity distribution————- FORMAT(10F2.0)

FPHI Porosity distribution for Jth row.
Il values must be read’ continue on additienal
cards as necessary. The row order must be JJd,
-J'J-'iv 'J'J"'Zv ——— 1. .
£1I1/7101 x 11 cards are read for each laver.

Lal means the least Positive intesger greater than a.

REMARKS: Distributiaen read only if KPH is nonzero and NUMP=0O
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10.

Special permeabilities (KX) ————=FORMAT(3ZIS-F10.0)

1 x—-direction index
J vy—-direction index
K z-direction index
KX(I,JdsK)}===New pPermeability value

NUMKX cards are read.

Permeability distribution (KX) ————- FORMAT(10F2.0)

KX KX distribution for Jth row
11 values must be reads continue on additional
cards as necessaryvy. The row order must be JJd.
Jd=1, JJ=2, =-—— 1,
{JJ/7101 x JJ cards are re¢ad for each laver.

REMARKS: Distribution read only if KKX is nonzero and NUMKX=0

Special permeabilities (KY) —-———==FORMAT(315,F10.0)
x—direction index
vy=direction index
z—-direction index
Y{I,J:K)——=New pPermeability value
NUMKY cards are read.

AARC ™

Permeability distribution (KY) ==——=FORMAT(10F8.0)

KY KY distribution for Jth row
11 values must be reads continue on additional
cards as necessary. The row order must be JdJ.
d\J"‘ls JJ-Z, —— i.
£LI1/10) cards are read for each lawver.

REMARKS: Distribution read only if KKY in nonzerca and NUMKY=0

Special Permeabilities (KZ) =-————FORMAT(Z2IS.F10.0)
(FOR LATER USE)

1 x—-direction index,

J v=direction index

K z—3direction index

KZ{(I>J>K)——=-New pPermeabilityvy value

NUMKZ cards are read.

Permeability distribution (KZ) ————— FORMAT(10FZ.0)
(FOR LATER USE)
A KZ distribution for Jth row

I1 values must be read; continue on additienal
cards as necessarvy. The row order must be Jd»
\J!J-li Jd"Zs === 1.

£I11/101 cards are read for each laver.

REMARKS: Distribution read onlv if KKZ is nonzero and NUMKZ=0
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. July 31, 1980
INPUT DATA FOR SUBROUTINE BDRY

Title card

Number of "zero Permeability blocks" FORMAT(1I3)
IBCODE—-————-Number of blocks to have all
transmissibilities zero
{nonzeroc onlwv for rectansular coordinates)

*Zero Permeability nodes" ———-FORMAT(415)

1 x—direction index
J vy—-direction index
K z—direction index
IBK(I,J:K)=—Specify "1" for zero pPermeability

IBKODE cards are read.

INPUT DATA FOR SUBROUTINE RDATA

Title card

Parameters————————FORMAT (&F10.0)

TR Reservoir temperature, des F
TSC———————=Ctandard temperature, deg F
PSC——w=————— Standard pPressure, pPsia
GR=——————— Gas sravity

TA———————— Averase wellbore temperature, des F

RHOSH==——==[ensity of "matrix", sm/cu cm

Title card

Parameters———=—————F0ORMAT(3F10.0)

EE~———————— Tubing roushness, inches
DFTV——————m Default value for friction factor
DPW————=—==Conversence tolerance for BHP/WHP calculations. psia

Title card

Number of gas pProPerty cards to be read-——FORMAT(IS)
NT1

Viscosity and z—-factor table-——— FORMAT(2F10.0)
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Science Applications, Inc.

PT{==——————Pressure, pPsia
VIS1——————m Viscosity., cp July 31, 1980
IT———————=—z—factor

NT1 cards are read.

2. Title card

9. Number of values in Isotherm Table———— FORMAT(IS)
NTO

10. Desorption Isotherm Table—————FORMAT(2F10.0)
PT-———————=Pressure, Psia
CT————————=Concentration, cc @ STP/9m

NTO cards will be read.

11. Title card

"12. Initial guess for least sauares coefficients————- FORMAT(2F10.0)
Bl————————— Coefficients for the followins equation:
B2————————— C =Rl # P/(1 + B2#P)

REMARKS: If Bi = 0.0, . no desorption will occur. If Bl is
nonzero. Bl and B2 will be used as initial guesses
and Subroutine NLL3GS will be used to determine
(i.e.» redefine) new values so that the above
equation is satisfied (using the input data) in the
least sauares sense.

INPUT DATA FOR SUBROUTINE UINIT

1. Title card

2. Initial distribution constants -———- FORMAT(F10.0,313)
Pl Initial pressure assisned to all nodes
KP1 Code
NPRES—=——==—=—==Number of nodes to be reassigsned initial value
FCODE~——~—————Code for determining format for readine initial
distribution (if KPI is nonzeroa)

3. Special initial pressures (when KFI = 0) —-—— FORMAT(3IS,F10.0)
I x—direction index
J v—direction index
K z=direction index

P(IsJsK)====Initial value to reassisn to node {(I,J,K)
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NPRES cards are Pe%ﬁ%;ngi./\;{géécationa Inc.

Initial parameters (if KPI = Q) ————- FORMAT(F20.12,.F30.12,F30.12)
ETO Prior simulation timer, davs

CUMO——— e Prior cumulative production. MCF

MEEQ0———===<Prior material balance error., %

Initial distribution (if KPI=0 & FCODE=0Q)~———-— FORMAT(4F17.12)

P Four values are read per card besinning with

row JJ. The row order must be Jd, JJ=-1, JJI-2,

—1 1-

LI11/4]1 cards are read. .

Initial distribution (if KPI is nonzero % FCODE is nonzero)
———FORMAT(1615)
P Sixteen (or I1) values are read per card until
all values are read for the Jth rows continue

on additional cards as necessary. The row order
must be JJy JJ-1, JJIJ=-2, == , 1.
£11/16] cards are read.

At the besinnine of each run the "matrix” epressure in
each reservoir srid-block is assisned the Value det-—
ermined in Subroutine UINIT.

INPUT DATA FOR SUBROUTINE SOURCE

Title card
Number of variable rate nodes —-———- FORMAT(IS)
NVEGN

Title card

Grid—-blocks with(specified) rates—-——FORMAT(3IS5,3F10.0,213,2F10.0)

Ml —=——=—————x~direction index

GN2 v-direction index

GAN3~———m———==z—direction index

GV Production rate (MCFD) when IFP is nonzero

Pl Productivity Index

PWF=———————— Bottomhole or wellhead pressure (derendins on IVE)
P Rate—-Pressure code

wva Bottomhole/wellhead Pressure code

XWDR=————————Wel11l derth, ft (for BHP/WHP calculation)
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Case .

1

2

TIDQ=————=——=Tubing ID> in (for BHP/WHP calculation)

Time schedule for variable rate nodes———FORMAT(SF10.0)

Hi-————=————=Hour "on time" for specified
M1 Miniute rate or pPressure
SECl———————— Second
D2-———————— Dav
2 Hour "off time"™ for specified
2 Minute rate or pPressure

SEC2—==—=—==Second

REMARKS: Whenever "on time" < simulation time at end of ster £
"off time", either rate QV or pPressure PV is applied
at the specified node (GN1,GN2,QN3). Several options
are available dependins on the values of PI., IP, and
IVQ. These options are expPlained in the followins
table,» where "3" means "spaecified"” and "C" means
"calculated".

TABLE 2z - VARIABLE RATE NODE OPTIONS

Pl 1P Qv PWF Iva Remarks
< 0.0 1 s - - No BHP or WHP calc.
> 0.0 i = C 0 EHFP calculated:
‘ arrav PWF contains
calculated BHP
> 0.0 1 S Cc 1 BHP % WHP calculateds
array PWF contains BHP
array DUMG " WHP
> 0.0 0O C S o PWF is (specified) BHP;
Rate is calculated
> 0.0 o} c S 1 PWF is (specified) WHP3
Rate &% BHP calculated:!
arrav DUM2 contains BHP
Title card
Number of variable pressure nodes————-— FORMAT(IS)
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UGR File #2560
NVPN Science Applications, Inc.
July 31, 1980

Title card

Variable pressure nodes————FORMAT(315,F10.0,15,2F10.0)

PNl ~———————— x—=direction index

PN2-———————— wv—direction index
PNE—===e———=—z~direction index

PV Pressure (psia)

I1VP Bottomhole/wellhead Pressure code
Wop—————— Well depth. ft (for BHP/WHP calculations)

TI1DP—-=——====Tubing ID, in (for BHP/WHP calculations)

Time schedule for variable Pressure nodes———FORMAT(SF10.0)
D1 . Davw

H1 Hour "on time" for
M1 Miniute specified pPressure
SECl -—————-Second
D2 Da-r

2 Hour "off time" for

2 Minute specified Pressure

SEC2——=~—=—===Zecond

REMARKS: Whenever "on time" < simulation time at end of ster &
“off time", Pressure PV is applied at the SPeq}Fied
node (PN1,PN2,PN2). Two options are available as shouwn

below:
Case PV Ive ' Remarks
i S 0 PV is (specified) BHP3
Rate is calculated
2 s 0 PV is (specified) WHP3

array DUMP contains
calculated BHP;3

rate is calculated at
end of time-ster using
DUMP & latest trans—
missibilities

KLINKENBERG PARAMETERS

Title card
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Klinkenbers parameters————-FORMAT{afceOAM1ications, Inc.

B=-———————— "Klinkenbers Gactor“gu@y;ﬁgigggo

Cl————————— Parameter for equation

C2=———=—==—Parameter for equation

REMARKS: If BK = 0.0, b=03 if BK is positive, b=BK3: if BK is
negative. b is determined from the equation

b =Cl #» k %% -C2
where k is the true (liauid) permeability. For nodes
with different permeabilities in different directions
k should rerhars be some tvrPe of averase value. At
this writing, k is the x—-direction permeability but
can easily be chansed by the insertion of one or more
cards in the 994 LOOP(see program listing in Appendix
B).
Since only a single value is permitted for "matrix"
permeability, there can be no ambisuity in the value
of b here. Of course, "matrix" permeability is
usually believed to be several orders of masnitude
lower that reservoir (fracture) permeability and thus
effects of sas sliprazse will be much sreater in the
"matrix".
"MATRIX" ELEMENT GRID DIMENSIONS

Title card

Matrix element Parameters—————-<FORMAT(IS,F10.0)

NRM=———————— Number of matrix element srid-bloecks

ARAD=———————— Cylindrical matrix element radius., cm

Title card

Normalized cumulative radiji—-————— FORMAT(1S.F10.0)

J Matrix element srid-block index

RAN(J)==——==Cumulative radius, cm

REMARKS: A block—centered 9rid is useds hence the outer
radius must have index NRM+1 and NRM+1 cards
must be read.

Title card

Matrix element pProperties—————— FORMAT(F10.0,E11.4)
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PHIM———————-Porosity, fraction Science Applications, Inc.

KLM

Permeability, md July 31, 1980

MASTER CODE

Master code FORMAT(1S)
MCODE—-——————— (See below)
REMARKS: If MCODE = O, all matrix element calculations are

bvyrassed 9ivine a “sinsle porosity’ sas simulator.

If MCODE = 1 or 2 a normal {(dual Porssity) run will
occur. The overall iterative Procedure is accomplished
usins explicit rates (source term Gm in ApPendix A)
by material balance on a matrix element as shown below:

@m = {(Ldecrease in oas Lamount of sas >/dt
content over + desorbed over
time—-stepl time—-steprl

Here dt is the time—ster size and the esuation holds

at anv reservoir node (i,J:k}). Of course, if Nm is the
number of matrix elements in nede (i,Ji-k)» then Gm. as
aiven above, would have to be multirplied by Nm. It
should be mentioned that the pressure distributioen within
the matrix element was determined +to be correct by
comParison with both analvtical and numerical solutions.

The fracture pPressure is used as a boundary pressure for
the matrix element and cvcles are pPerformed until the
maximum chanse in fracture Pressure is less than ERRF
Psia. MCODE = 2 is equivalent to MCODE = 1 with the
following exception: If all wells have not keen shut
in. matrix pressures are not allowed to increase with
time. This was found te be necessary in cases inveolv-—
ins fracture Porosities less than 0.0025 tw avoid
phvsically unreal desorption rates due to intermediate
calculated pPressures slishtly higher (one to two pPsi)
than the initial Pressure.

I1f MCODE = 3, implicit rates are used each cvcle.
This completelr avaids anwv escillation Problems
between "matrix" and fracture pPressures by use of
the following eauation:

n+l i m n+l
RSCH = TRMB # [ PM - P ]
i:\j,k ivd‘:k i!J!k7L_1 is-j,k

Here, TRMB is the transmissibilitwv between the suter
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TWO MAINLIX & emen. Noces aflNt =~ " (L3 w? %2 = o “a .
Pressure in the second oarid-block o«f the matrix

Sc.ence Applications, Inc., element. LOf course, PM(i,d.k,L) = P{i,i>k) 1.

July 31, 138

In this case the above eauation for QSCM is used
instead of explicit rates. Once conversence is
obtained, the new Pressures (i.e. @ time level n+l)
are used both to calculate rates (usins the above
equation) and as boundary conditions to solve for
new matrix Pressures.

If MCODE = 4, implicit rates (as above) are used for
all cvcles. Hovever, explicit rates are used in
solvina for the "matrix” Pressure distributions for
the first cvcle to assure some pPressure drawdowm.
Thereafter, pPressure boundary conditions are used

as for MCODE = 3.

MCODE = 4 is the most Powerful conversence method
and has been successfully used with extrememlv low
fracture pPorosities {e.=. 1.,0E-02)!}

INPUT DATA FOR SUBROUTINE RVOL

Title card

Print codes . FORMAT(SIS)

o I Every KTith ster pPressure distribution is Printed

LTl———————— Every LTith step pPressure distribution is written
on UNIT 7 if KPU2 is nonzero

KPR=——===—=S0lution matrix is printed every KTlth ster if
KPR is nonzero

KSN==—=———=Evervy KSNth stepr variable rate node data, variable
Pressure node data, and historv node data are
Printed

KEV-——————— Every KTith step formation volume factor, viscosity,
z—factor, RHS coefficient (GAMMA), and source terms
(G) are printed is KBV is nonzero

Title card

Number of "history nodes"———FORMAT(IS)
NSPN

ISP———————x—-direction index
JSP=~———w———vy=direction index
Ke8P—-——————z-direction index
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11.

UGR File #3655
NSPN cards are read. Science Applications, Inc.
July 31, 1980

REMARKS: A "history node" is simplvy a arid-block which is of
particular interest, usually because it contains a
well or seament of an induced fracture. Bv codins
a value of "1" for KSN, préssure for the current
and Previcus step, elapsed time, and flouw rate
into the sprecified node will be printed each time-
step.

Alsoc, the distributioen of pressure within the
'“matrix" element and the rates of flow from the
element will be pPrinted at "historvy nodes”.

Table 2 in the next section describes all ocuteut
which is not labeled on the outrut listins.

Title card

Punch codes=——===——=FORMAT(IIS)

KPU=-—————=Final pPressure distribution will be written on UNIT 7
if KPU is nonzers.

KPUl———-— Data at “"history nodes” will be written on UNIT 7
erery KENth ster is KPUl is nonzero.

KPU2—————Every LT1th ster pPressure distribution will be written
on UNIT 7.

Title card

Solution Parameters
KSoL—-——=—=Sclution alserithm selectors;
sPpecifr "3" for LSOR (recommended)
sPecifyr "4" for D4SM (use onlv for very difficult
problems when LZOR will not
converse)

MITER———-—-Maximum Permissible number of iterations (LSOR)

OMEGA—————Starting value of relaxation Parameter (LSOR)

TOL—-~~—=-—=Conversence tolerance, psia (LSOR)

TOLL—————— Parameter for determininsg when to chanse (i.e.
optimize) OMEGA

REMARKS: When TOLL is zero, the input value of OMEGA will
not be changed; if coptimization is desired use
TOL: < .0Q05.

For one—dimensicnal simulations set OMEGA = 1.000
and TOLL = 0.0 to get a direct solution in one
iteration.

Title card
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Run time Parameters———-— FORMAT(ISJ»FIO.O,IS)"SCience Applications,

NN=————=—==—Maximum number of time—-sters rer rRy 31,1580

T™MAX———=———Maximum simulation time Per run

ERR—-——-=-=—Cvcle tolerance, psia, for calculatins fracture
pressure distribution (KCY LOCP)

ERRM—————- Cvycle tolerance,. psias. for solving for "matrix"
pressure distribution (KCYM LOQOP)

ERRF—————— Cvycle tolerance. psia. for overall iteration

procedure~both fracture and "matrix" pPressures
are calculated until the maximum fracture
Pressure chanse is ERRF psia.
KPRT=—————=3SupPplementary pPrint codes e.s. initial "matrix"
gas, number of iterations for conversence in
LS0R, etc. are printed if KPRT is nonzero.

REMARKS: A simulation run mav be terminated normally by
either exceedins NN or TNAX.

A suggested range for ERR % ERRM is one to ten psia.

ERRF should be at least as small as 0.035. When
usins MCODE = 1 or 2, use ERRF = 0.001.

TIME-STEP CARDS

Title card

Time—ster size cards—————— FORMAT(4F10.0)

DAY——————Step size in dars. hours, minutes, and seconds
HOUR

MIN

SEC

REMARKS: As many cards as desired mavy be read. One card is
read each time—-sterp, if available. If N cards are
read, all time—-sters after ster N will be the same
as ster N.

Inc.

For internal use, each sterp size in converted to dars.

Description of Qutput

Althoush most

some information arrPears without headinss to conserve CPU time

and srPace on the ocutput listins. Specificallvy, Subroutine SPECN
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UGR File #365
produces unlabeled ocutrput after each KENth step ascgggsnggggcéapns,lnc,

July 31, 1980
Table 3. Note that UNIT 7 can be anv user specified ocuteput
device {(e.a. tare, disk, terminal). Thus by choice of the "Punch
codes"” defined above, pertinent information maw be saved for
subseauent use such as pPlotting, etc. The repetiton in outeput
data such as FT and CEXPRD is intentional. It provides the

capability for readins only records for a specific node and

still obtaining time, rate, and cumulative production data.

TABLE 3 - DESCRIPTION OF SPECN OUTFUT

Line Variables Printed Format
1 FT —————=Elarsed time 1%, F25.12
DELT=~===Time—ster size F2S5.12

EXTINJ-—=External (well) indection F25.12

EXTPRO=——External (well) production F25.12

2 TEXPRD-—-Net external production 1%, F25.12
this time—-stepr
CEXPRD——=Cumulative net external F25.12
Productioen
PAVG————— Volumetric averase P/2Z F25.12
MBE-———==Cumulative material F25.12

balance error

NSPN lines ISP—-——=—=x~dir. historv node index I3
JSP——=———v-dir. history node index I3
KSP—————m z-dir. history node index ‘13
pP-——— ——History node Pressure Fg.2
PN-————- History node pressure F8.2

Previous time—-ster
FT-——=———Elapsed time, davs EL15.6

CEP—————— Internal flow rate EL1S.6
"into" historv node
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CEXPRD===Cumulative net external £E15.46
Production

Variables Written to UNIT 7 Format

FT, DELT, EXTINJ, F12.6, F13.7» F13.3
EXTPRDs CEXPRD. PAVG F13.3: F16.3, Fi13.32
ISP, JSP., K3P, P, PN, 12, 12, 13, F2.1, FS.1
FT. QSP, CEXPRD E1S5.6, E135.6, E15.6

The Calling Program

Inc.

To execute the 25 subroutine code SUGAR-MD, it is necessary to write

a short FORTRAN callins eroaram to allocate storagse to four "workins

arrars.”

Also. each array should be initialized to either zero or

one to affect proper start—ur.

To allocate the proper storase requires specification of maximum

dimensio

are as f

ns required in the studvy to be undertaken. These dimensidﬁé

osllows:?

IM—————-maximum number of srid-blocks in x-direction
JM——————maximum number of srid-blocks in v—direction
KM————=——maximun number of arid-blocks in z—-direction

NSPM=———maximum number of variable rate nodes,

variable pressure nodes,
or historv nodes

NTM=—=———maximum number of entries in =as pPropPerty table
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These dimensions are first Passed to subroutine STOR which calculates
the required dimensions of the four workins arravs which are tyepically
called WK1, WK2, WK2, and WK4. Subseauently, the calculated values
are inserted in the dimension statements in the callins prosram. To
make a simulation run, it is then only necessary to provide the

required input data. A sample callins prosram is siven belouw.

C———— CALLING PROGRAM FOR SUGAR-MD
INTEGER#2 WK1(269)
REAL#4 WK2(4696)
REAL*Q WK3(3186)
INTEGER#4 WK4(206)

DATA WK1/269%#1/,WK2/696#0.0/,WK3/3136%0.0/,WK4/306%#0/
DATA IM,JM,KM,NSPM,NTM/10,10,1,35,25/

DATA KSTOR.,KSTOP/1,0/

0O 0O 0O 0

IF(KSTOR .NE. Q) CALL STOR(IM,JM,KM,NSFM,NTM)
IF(KSTOP .NE. 0) STOP

IMM=IM+1
JMM=JM+1
KMM=KM+1

CALL INDEX(WK1,WKZ,WK3,WK45, IM, M, KM> IMM, JMM, KMM, NSPM, NTM)

STOP
END

Note that by specifvins K3TOP=1. Subroutine STOR is called and
execution terminated immediately upon return to the callins
prosram. This is convenient to set dimensions for the workins
arravs. Then, the Proper dimensions are inserted, KETOP set to

zero, and a normal run mav be made.
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Due to problems with the number of callins arsuments permitted
(&63) on the METC VAX/1170 Computins Svstem, complete dvnamic
dimensionine is not currently pPossible. This PrqileTwcagnge
avoided by "hard codins" all arravs pertaining to variab]égrate
nodes, variable pressure nodes, and history nodes in the main
program (SUGRMD).
A1l arrars for calculation of "matrix" element pPraessures have
intentionally been "hard coded". Presently, "matrix” arravs are
dimensioned 10 x 10 x 1 x 10 which restricts simulations to a 10 x 10
reservoir grid with a maximum of 10 sub—-elements to describe the
"matrix". Hence IM, JM, and KM can not exceed 10, 10, and 1, resp—
ectively, without soins into the source code (SUGRMD) and increasins

one or more dimensions. However, this is a very easvy task and

all re~-dimensionins and re—initializins can be done in a few minutes

to accomodate any size "reservoir” and "matrix” erid. (As mentioned

Previously, the code has not been tested for three dimensions and
should not be used for KM > 1 until extensive testing is conducted

and any necessary chanses made!)
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APPENDIX Bl

PROGRAM LISTINGS

INTEGER#2 WK1(464)

REAL#4  WK2(891)

REAL*S  WK3(1793)

INTEGER#4 WK4(1)

DATA WK1/464%1/,WK2/891%0.0/,WK3/1798%0.0/,WK4/1%0/

DATA IM.JM»KM,NSPM,NTM/10,10,1,20,25/

DATA KSTOR,KSTOP/1,0/

IF (KSTOR .NE. 0) CALL STOR(IM,JM,KM.NSPM,NTM)

IF (KSTOP .NE. 0) STOP

IMM=IM+1

JMM=JM+1

KMM=KM+1

CALL IDXSMD(WK1,WK2, WK, WK4, IMs UM, KM, IMM, JMM, KMM. NSPM; NTM)

STOP -

END : _

SUBROUTINE SUGRMD(IVG, IVP,SE,MEP, IR1,JR1,
&IBK, ISP, JSP, KSP, PFLAG, GN1, GN2, GN3, PN1, PN2, PN3
%» IP,PV, DX, DY, DZ,
&XWDQ> XWOP > TIDQ, TIDP, DUMA, DUMP » PEHQ, PBHP » QWV@, GWVP,
%PHI, VP, KX,KY,KZ,Al,A2.A3,PI,FPWF,VIS,DY1,HZ,BKLF,Q,QS,P,
%EG, E» GAMMA,
&TX, TY,TZ,QV,TQL,TQ2, TP, TPZ, QSP,AZ,BZ,CZ-D1,EZ,FZ,UZ,
%UM, PT1.VIS1, ZT, PN, ZN, PG, BEE> X» CCC» AAAS IR, JR, KR, IC, JC. KC»
%IMs JIM> KMy IMM> UMM, KMM, NSPM, NTM)

INTEGER#2 HEADIN(40), IBK(IM>JM.1),KP(26),I5P(1),JSP(1),KSP(1)
&, PFLAG(1),GN1(1),EN2¢1),AN3(1),PN1(1),PNZ(1),PN3(1),IP(1)
&, SE(1)>MEP(1), IR1(1),JR1(1), IVQ(1), IVP(1)

INTEGER#*4 IR(1)-JR(1),KR(1),IC(1),JC(1),KC(1)

REAL#4 LX,LY,LZ.PV(1),DX(1),DY(1),DZ(1),PI(1),PWF(1)
$-KX(IM>JIM> 1) KY(IM, UM, 1)

& KZ(IM>JIM> 1), AL (IM»IM-1),A2(IM; UM, 1), A3(IM> M- 1), VIS(IM, UM, 1)
%, DY1(1),HZ(IM,1),BKLF(IM, UM, 1)

%, XWDQ(1), XWDP(1)»TIDR(1),TIDP(1),DUMQ(1), DUMP(1), PRHE(1),
EPBHP (1), GWVGE(1).,QWVP(1)

REAL#8 SUM,MCFINT,MCFCAL,CUMPRD,GQ(IM>JM,1),QS(IM-JIM.1)

& P{IM>JM-1),BG(IM, UM, 1),E(IM»IM, 1), GAMMA(IM, UM> 1)

2> TX(IMM, UM 1), TY(IM, UMM, 1).TZ (IM, UM, 1), TOTPRD, OMEGA, SM, PAVG, SMN,
“RESVOL » MBE, MBEO, CUMO,MCFACT,ETI,ETO0. DELT,FT, DAY, HOUR,

&MIN,SEC, TA1(1),TQ2¢(1).QV(1),TP1(1),TP2(1),TOL.TOL1.DW,GSP(1)

&, DELTO» CON», CON1,POZAVG,NSC, IMBE.ZZ,VS
&%,UM(1)-AZ(1),BZ(1),CZ(1),D1(1),EZ(1),FZ(1),UZ(1),DIV,DIVO

&, BBB(1),X(1),CCC(1),AAA(1)PHI(IM, UM, 1), VP(IM.IM, 1)
2>PT1(1),VIS1(1)>,ZT(1)>PN(IMsJIM> 1) ZN(IM, M5 1),PG(IM, UM, 1)
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%, PPP,Al1,A2Z, G0, PBH1, DPW, PBH2, GR, XWDGJ» XWDPJ, EE. RE,F, DFTV
% C11.,C22
c .
ceee@® ARRAYS AND VARIABLES FOR MATRIX (DUAL-POROSITY)
c
REAL#8 KLM,KGM(10),MCFDI.MCFMA,TPI(10,10.,1),
&NE(10,10,1), INJN,MCFDA, INJ(10,10, 1), CUMINJ, CUMDSP,
%GEN@> MCFMI,RAN(11),RA(11),PM(10,10,1,10),5SQ,QSC(10,10,1)>
&PMN(10,10,1,10),VISM(10),2ZM(10,10,1,10)>»
&ZMN(10,10,1,10), TRM(11),GAMJ(10,1051,10),AZM(10),BZM(10),CZM(10),
&DZM(10),TRMB(10,10,1),A(2,2),FF(2,50),.BB(2),QSCD(10,10,1),
&GASM1(10,10,1),PRD(10,10,1),P0OLD(10,10,1)>»
&GMCAL(10,10,1),6MNC10,10,1),EZM(11),FZM(11),UZIM(10)
&%, PT(S0).CT(S0),YE(S0),DBEV(50),DUM(50), DUM1(50),BUM2(30),
%QASCM(10,10,1),QQ6¢(10,10,1),PF(10,10,1)
&, GSM», ADD, AMT, STAM, PP, VOLM(10,10,1,10),VPM(10,10,1,10},
&RVOLM(10, 10, 1), BGMM, GASM, TGAS, FGF , FGM, FGD, SGSC., SASCM
%, FGR» TGAS1,PPM, ZZM> GWELL (10, 10, 1), EXTINJ, EXTPRD, TEXPRD. CEXPRD
&,GPZ,STAT, SQWELL , SCM, SASCD, DPF,ERRF
c
C#####THIS IS A GENERAL PURPOSE MODEL FOR SIMULATING THREE DIMENSIONAL
Cc FLOW OF A COMPRESSIBLE GAS IN HETEROGENEOUS. ANISOTROPIC,
c FRACTURED GAS RESERVOIR
c .
Cceeee INITIALIZATION OF VARIABLES AND ARRAYS FOR MATRIX ELEMENT
DATA TRM, GAMJ, CUMINJ, CUMDSP/11%#0.0,1000%0.0,0.0,0.0/
DATA QSCM,RVOLM,MCFMI,MCFDI,MCFMA/100#0.0,100#0.0,0.0,0.0,0.0/
DATA NRMMAX/10/

DATA MBEO,CUMO,ET(0/0.0,0.0,0.0/,ETI,CUMPRD, IND/0.0,0.0,0/
%, MCFCAL/0.0/,CEXPRD/0.0/
C
FK{XsA,B)=AkX#*B
ceeee® FUNCTIONS FOR DESORPTION

FC(X.B1,B2) = Bil#X/(1. + B2#X)

DFDX(X,Y>2) = Y/((1. + Z#X) # (1. +Z#X))
c

CALL TITLEZ2
c
C#####ESTABLISH RESERVOIR LENGTH.WIDTH.AND THICKNESS AND GRID
c BLOCK SIZES
c

CALL GRDRD(IM>II,JJd,KK,JJ1,KK1,LX,LY.LZ.DX,DY>DZ,DY1,HZ,KRAD,

LSTHETA) '
c
C##en#+ESTABLISH POROSITY & PERMEABILITY DISTRIBUTIONS
C

CALL PARM(II,»JJr»KK,PHI.KX,KY,.KZ,IM,JIM)
c

WRITE (L, 56)
Cc

Cru###ESTABLISH IRREGULARITIES IN RESERVOIR BOUNDARY
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C
CALL BDRY(IM,JM, IBK, IBKODE)
c
Ca##x#ESTABLISH GAS PROPERTY DATA (VISCOSITY & Z~-FACTORS)

Cx##x READ PARAMETERS FOR BOTTOMHOLE PRESSURE CALCULATIONS
ceee@ READ ISOTHERM TABLE

c

c
CALL RDATA(TR.TSC,PSC,GR,TA,RHOZSH-C11,C22,EE,DFTV,
&DPW, PARMM>NTL1,PT1,VIS1, ZT- NTM-NTO-PT,CT>B1,B2)
BB(1)=B1
BB(2)=B2
IK=2
IF(B1.GT.1.E-0S5)
&CALL NLLS@&S(IK.NTO,.PT.CT.A.BB.CZ,FF,EZ,YE,DEV,DUM,DUML)
Bi=BB(1)
B2=BB(2)
c
c
CON=PSC#TR#1000./TSC
CON1=1./CON
STAM=3.14159 # .006328 # CON1 T
Cc
C#####ESTABLISH INITIAL PRESSURE DISTRIBUTION
c
CALL UINIT(II,JJ»KK,PI,PN,P,IM,.JM,MBEO,CUMO,ETO)
C
IF(ET0.GT.0.0) ETI=ETO
IF(ETO0.GT.0.0) CUMPRD=CUMO .
c
C#####ESTABLISH RATE % PRESSURE NODES
c
CALL SOURCE(P,KX,KY>KZ, IM, JM, NVGIN, GNL1, QNZ, QN3,
&TQ1l, TG2, 0V, NVPN, PN1,PN2,PN3, TP1, TP2,PV,PN,PI,PWF, IP,
&IV@, IVP, XWDR, XWDP, TID@. TIDP)
c
c
c
Cxx###READ KLINKENBERG FACTOR
c

READ(S,6%) HEADIN
READ(S,1)BK.C1,C2

IF(BK.LT.0.0) WRITE(4,3109) Ci.,C2
IF(BK.GE.0.0) WRITE(4,3111) BK

DO 994 K=1,KkK
DO 294 J=1.,dd
DO 794 I=1,11
KK=KX (I, JrK)
IF(BK.LT.0.0) BKLF(I,J,K)=FK(XK,C1,C2)
IF(BK.GE.0.0) BKLF(I,J.K)=BK
994 CONTINUE
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’

ce@ee ESTABLISH MATRIX ELEMENT GRID DIMENSIONS
READ(S, 69) HEADIN
READ(S,32) NRM,ARAD
NRM1=NRM+1
WRITE(&-19) ARAD
ceeee READ NORMALIZED CUMULATIVE RADII
READ(S»469) HEADIN
READ(S.3) (J>RAN(J)»J=1,NRM1)
DO 120 J=1,NRM1
120 RA(J)=RAN(J) #ARAD
WRITE(6,21)
WRITE(6,23) (J>RANC(J)SRA(J) »J=1,NRM1)
Ceeee NOW CONVERT TO FEET
DO 126 J=1,NRM1
126 RA{JI=RA(J) /20.48
ARAD=ARAD/30. 483
ARAD2=ARAD*ARAD

DO 12646 L=1,NRM
1266 DUMCL) = 32.141359 # (RA(L+1)#RA(L+1) — RA(L)I*RA(L))

ceeee READ MATRIX GRID DATA (PHIM & KLM)
READ(S,69) HEADIN
READ(S, 1377) PHIM,KLM
WRITE(6,1777)PHIM, KLM

c .

IF(BK.LT.0.0) BKL = FK(KLM,C1,C2)

IF(BK.GE.0.0) BKL = BK '
c
Cceeee READ MASTER CODE (IF MCODE = 0, ALL MATRIX CALCULATIONS
C WILL BE BYPASSED GIVING A SINGLE PCOROSITY
Cc MODEL)

READ(S.,469) HEADIN

READ(S,2) MCODE

WRITE(6»3115) MCODE
Cc

Cxe###ESTABLISH RESERVOIR VOLUME & INITIAL GAS IN PLACE
c
CALL RVOL (RESVOL,KX.DY.DZ,VIS,KY,.KZ,BG,KS0OL,MITER, VP,
&P, PHI, DX, IBK,SM, MCFINT,KT1,LT1,11,JJ>KK,JJ1,KKL1, IM, JM, KRAD,
UKPR, KBV, LT KT, ISP, JSP, KSP, NSPN, NTM, KPU, KPUL, KPUZ, KSN, KS,
&TMAX, OMEGA, TOL, TOL 1, DW, NN, CON, PT1,VIS1,ZT,DY1,HZ,ERR.NT!,
&%ERRM, ERRF , KFPRT)
TGAS = MCFINT
Cc
IF{(MCODE.EQR.O) GO TO 258
ceeee INITIALIZE MATRIX PRESSURES % Z-FACTORS:
ceeee CALCULATE NUMBER OF MATRIX ELEMENTS IN EACH GRID-BLOCK:
ceeee CALCULATE ADSORBED GAS CONTENT
B0 212 K=1,KK
DO 218 J=1,JJ
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Do 2138 I=1,11
PF(I,J.K) = P(1,J.K)
QRGE(I,J,K)=0.0
QSCM(1.J,K)=0,0
TRMB(1,J,K)=0.0
GMCAL(I,J>K) = 0.0
PP=F(1,J-K)
CALL INTRP1(PT1,ZT.NT1,PP.Z2)
DELZ=DZ (K)
IF(JJU1.EQ.Q .AND. KK1.NE.O) DELZ = HZ(I,J)
TPI(I.J-K) = STAM % DELZ
VOL=VYP(I»J,K)Y/PHI(I,»JsK)
NE(I,J>K) = VOL # (1. - PHI(I»-J>K))/(3.14159*ARADZ2#DELZ)
IF(NE(I,J>K).LT.1.0) NE(I.J-K) = 0.0
GMD=.001%#(1-PHI(I.J.K)) # VOL #Bl # PP/(1l. +B2#PP)
MCFDI=MCFDI + GMD
DD 213 L=1,NRM
VOLM(I.J-K,L) = DUM(L) % DELZ
CVPM(ILJdaKL.L) = PHIM % VOLM(I,J.K,L)
RVOLM(I,J.K) = RVOLM(I,.J-K) + VPM(I.J.K:L)
T IM(INJK.L)=22
PM(I,JKL)=P({I,J.K)
218 CONTINUE S
c
ceeee CALCULATE FREE MATRIX GAS CONTENT
cC -———— ASSUME INITIAL MATRIX PRESSURE = LOCAL FRACTURE PRESSURE
IF(KPRT.NE.O) WRITE(6,117)
DO 256 K=1,KK
DO 256 J=1,J4J
DO 256 I=1,11
PP=P(1,J4,K)
CALL INTRP1(PTL1,ZT.NTL,.PP.22Z)
BGMM = CON # ZZ/PP
GASM = RVOLM(I,J,K)/BGMM
GASMI(I,J-K)= GASM # NE(I.J,K)
MCFMI= MCFMI + GASM1(I,J,K)
IF(KPRT.NE.O)WRITE(6,111) I.,J»K;BGMM,GASMINE(I,J>K)>»GASMLI(I»J»K)
%, MCFMI
254 CONTINUE
C
ceeee PRINT INITIAL INVENTORY OF GAS IN PLACE
WRITE(46,3123)
WRITE(46,3117)
WRITE(6,3119) MCFINT.MCFMI,MCFDI
TGAS = MCFINT + MCFMI + MCFDI
FGF = MCFINT/TGAS # 100.
FGM = MCFMI/TGAS # 100.
FGD = MCFDI/TGAS # 100,
WRITE(4,3121) TGAS,FGF,FGM.FGD
WRITE(46.3123)
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CONTINUE

DO 995 K=1,KK

DO 295 J=1,dJ

DO 995 I=1,11I

@SC{I,J>K) = 0.0

VMOD=1. + BKLF(I,J,K)/P(I,J,K)
VIS(I,J,K)=VIS(I,J>K)/VMOD
995 CONTINUE

c
READ(S,49) HEADIN
c
Crawu#THE FOLLOWING LOOP CALCULATES A NEW RESERVOIR PRESSURE
c DISTRIBUTION FOR EACH TIME STEP
c
NRM1i=NRM-1
c

DO 1000 N=1.,NN

IF(N.EG@.1.0R.N.EQ.NN.OR.N.EQ.KTIWRITE(6,9) N

ISH=1

IPP=0

IPPP=0

KCY=0

IF(N.GT.1)DELTO=DELT

IF(N.GT.1)ETI=ETI+DELT

IF(IND.ER.0O)READ(S, 4,END=2049) DAY,HOUR.MIN,SEC

IF(IND.EQ.O)DELT = DAY + HOUR/24. + MIN/1440. + SEC/86400.

IF(N.EQ.1)DELTO=DELT ‘
1049 FT=ETI+DELT

IF(ETI+DELT*.5.6GE.TMAX)GO TO 1001

DIV=1.0/BELT

DIVO=1.0/DELTO

C#x## STORE “N-LEVEL VALUES” AND INITIALIZE SOURCE TERMS

DO 70 J=1,JJ
DO 70 I=1.1I
BO 70 K=1,KK
QRWELL(I-J-K) = 0.0
Q(I,Jdr)K)=0.0
G8CD(I,J>K)=0.0
GAMMA (I, J, K)=CON1#VP (I, J.K)#DIV
PN(I>»J>K)=FP(I,JsK)
PP=P{I,J>K)
CALL INTRP1(PT1,ZT,.NT1.PF,ZZ)
IN(I.,J-K)=Z2Z

70 CONTINUE

IF(MCODE.EG.O) GO TO 3560

DO 292 K=1,KK
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DO 292 J=1,JJ

DO 292 I=1,1I1

DO 292 L=1,NRM

GAMJ(I.J.K,L)=CON1 # VUPM(I,J>K.L) # DIV
PMN(I,J,K.L) PM(1.J-K,L)

ZMN(I,J>K-L) IM(I, JH K, L)

KCYPF 0

KCYPF = KCYPF + 1

IF(KCYPF.GT.99) WRITE(6,4707) DPF
IF(KCYPF.GT.99) STOP
IF(KCYPF.EQ.1.AND.MCODE.LE.2) GO TO 540

STORE FRACTURE PRESSURES & RATES(RSC) FROM LAST CYCLE

FOR MCODE .LE. 2

DO 5410 K=1,KK

DO 5410 J=1,JJ

DO 5410 I=1,11

IF(MCODE.GT.2) GO TO S410

AEAR(I, J.K)=QSC(I,J,>K)

POLD(I,J-KI=PF(I,J-K)

P(I,J,K)=0.5 # (PF(I,-J,K) + P(I.J,K))

IF(RCYPF.GT.10) P{I+JsK) = O0.5#(P(I.J-K) + POLD(I,J.K))
THIS GAVE GREATER RELIABILITY OF CONVERGENCE FOR DIFFICULT
PROBLEMS IN THE EARLY DEVELOPMENT OF THE RADIAL MODEL (SUGAR)
BUT ACTUALLY SLOWS CONVERGENCE ON MOST PROBLEMS: HENCE IT
SHOULD NOT BE USED UNLESS PROBLEM CANNOT BE SOLVED WITH
MCODE = 3 OR 4 AND WILL NOT CONVERGE WITH MCODE = 2
PF(I,J>K)=P(I,J,K)

RESET MATRIX PRESSURES

DO 3420 K=1,KK

DO 5420 J=1,JJ

DO S420 I=1,1II

DO 5420 L=1,NRM

PM{I,» DKo L)=PMN(I JKaL) -

CALCULATE NEW MATRIX PRESSURES % GAS INFLUX IN EACH RESERVOIR
GRID-BLOCK

DO 3100 K=1,KK

DO 3100 J=i,Jd

Do 3100 I=1,11

IF(NE(I,J-K).LT.1.E-Q0S) GO TO 32100

RCYM = O )

IF(KCYPF.EQ. 1.AND.MCODE.ER.3) GO TOQ 3602
IF(KCYPF.LE.2.AND.MCODE.E®@.4) GO TO S602
AZM{(NRM)=0.0

BZM{NRM)=1.0

CZM(NRM)=0.0

DZM(NRM)=P (I, J.K)

KCYM=KCYM+1

47



“IN T LLe TOo00
Science Applications, Inc.
July 31, 1980

5602 CONTINUE

ceeee FIRST CALCULATE KLINKENBRERG PERMEABILITIES
DO 2998 L=1,NRM
2998 KGM(L) KLM % (1. + BKL/PM(I.,Jd.K,L))

ceeee NOW CALCULATE MATRIX TRANSMISSIBILITIES
DO 30646 L=1,NRM
PP=PM(1,J.K>L)
CALL INTRPL(PT1,ZT.NT1.PP.Z22Z)
CALL INTRP1(PT1,VIS1.NT1.PP,VS)
IM(1,J.K,L)=Z2Z
DUM1(L)=2Z2Z
VISM(L )=VS
DUM(L)Y=PP
30646 CONTINUE
C
CALL TRNRD1(IM, JM,NRM, DUM, TRM,KGM, RA, DUM1,VISM, TPI, 1, J,K)

TRMB(I,J.K)=TRM(NRM)

IF(MCODE.LE.2) GO TO 3108

IF(KCYPF.EQ.1) TRMB(I.J,K) = TRMB(I.J,K) # PARMM
IF(KCYPF.EQ.1) GO TO 3100

ceeee DETERMINE ISOTHERM SLOPE FOR EACH MATRIX ELEMENT NODE
o

31038 CONTINUE

DO 30100 L=1,NRM

IF(B1.LE.1.E-05) DUMi(L) = 0.0

IF(B1.LE.1.E-05) GO TO 20100

PPM = 0.5 # (PM(I,J,K,L) + PMN(I,J)K,L))

DUM(L) = DFDX{(PPM.B1,B2)

DUMLI(L) = .001#VOLM(I,J,K,L)#DIV*DUM(L)
30100 CONTINUE

c .
ceeee SET UP TRIDIAGONAL MATRIX USING RESERVOIR NODE PRESSURE AS
c BOUNDARY FOR MATRIX ELEMENT

0O 3012 L=1,NRM1

AZM{L)=TRM(L)

CIM(L)=TRM(L+1)

BZM(L)=-AZM(L)-CZIM(L)-GAMJ(I,J> K, L)} /ZM(I,J> K. L) = DUML(L)
2012 DZM(L)==(GAMJ(I J> K, L) /ZMN(I,J- K, L) + DUMLIC(L)) # PMN(I.J,K,L)

IF(MCODE.LE.2) GO TO 4014
IF(KCYPF.GT.2 .0OR. MCODE.NE.4) GO TO 4014

AZM(NRM)=TRM{NRM)
CZIM(NRM)=0.0

BZM(NRM)==AZM(NRM) ~GAMJ (I, J>K,NRM) /ZM(I,J> K5 NRM) -~ DUM1(NRM)
GELEM=GSCM(I,J-K) /NE(I,J,K)
BZM(NRM) =QELEM-(GAM.I( I, J> K, NRM) /ZMN(I,d, K, NRM)+DUML (NRM) )
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EPMN(I > J, K, NRM)
C
c
ceeee STORE LATEST PRESSURES & SOLVE FOR NEW MATRIX ELEMENT PRESSURES
4014 DO 2014 L=1.NRM
3014 BUMZ(L)=PM(I,J>K,L)
CALL LTRI(NRM,AZM,BZIM,CZIM,DZIM,EZM,FZIM,UZIM)
C
C
ceeee CHECK FOR CONVERGENCE
DP=DABS(UZM(1) - DUM2(1))
PM(I,J-,K,1)=UZM(1)
DO 3030 L=2,NRM
DPM=DABS(UZM(L) - DUMZ(L))
IF(DPM.GT.DP) DP=DPM
PM(I,J.K,L)=UZIM(L)
3030 CONTINUE
c _ :
IF(KCYM.GT.99 .OR. UZM(NRM).LT.0.0) WRITE(6,9994) KCYM,UZM(NRM)
IF(KCYM.GT.99 .OR. .UZM(NRM).LT.0.0) STOP
9994 FORMAT(T15, "KCYM = 7, 13,35X,“UZM(NRM) = “,E135.6,
T /TS, 7ttty RUN TERMINATED 111rirtiisy
IF(DP.LT.ERRM) GO TO 3044 0
GO TO 5600
C
3044 CONTINUE
C .
ceeee NOTE THAT FOLLOWING LOOP USED ONLY BEFORE SHUT-IN
IF(ISH.EG.0) GO TO 4056
DO 40354 L=1,NRM
IF(MCODE.EG.2.AND. ISH.EQ. 1. AND.PM( I, 1, K>L) . GT.PMN(I-J>K.L))
& PM(I.J-K>L) = PMN(I,Jd,>K,L)
4054 CONTINUE
C
40346 IF(BL.LE.1.E-Q5) GO TO 3056
aDD=0.0
DO 3054 L=1,.NRM
PPM=PM(I1,J,K,L)
PPMN=PMN(I.,J.K,L)
AMT = VOLM(I,J.K,L) # (FC(PPMN.B1,B2) - FC{FPPM.BL1.B2))
3054 QDD = QDD + AMT
QASCD(I,Jd,K) = 001 #DIV#GDD*NE(I,J>K)
3056 CONTINUE
C
IF(KCYPF.EQ.2) GMN(TI,J-K) = GMCAL{(1,J-K)
IF(N.E&. 1) GMN(I,J-K) = GASMI(I,J-K)
GSM=0.0
DO 44606 L=1,NRNM
PPM = PM(I,J.K,L)
CALL INTRPL1(PTL1,ZT-.NT1,.PPM,ZZIM)
BGM = CON®ZZIM/PPM
44606 GEM = GSM + VPM(I,J,K.L)/BGM
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GMCAL(I»J.-K) GSM#NE(I,J,>K)

INJ(I.J>K) = @ESCD(1,J,K)*DELT
PRDB(I,J>K) = GMN(I,J,K) = GMCAL(I,J>K) + INJ(I,J>K)
@3C(I.J,K) = =PRD(I,J>K) # DIV

IF(MCODE.GT.2) GO TO 3100

IF(KCYPF.GT.S5) QSC(I,Jd»k)

IF(KCYPF.GT.1S) QSC(I,J,K)
3100 CONTINUE

0.S5%#(QSC(I,J-K) + Qea(I,J K))
0.5#(QSC(I,J>K) + @aQ(I,J>K))

c 560 LOOP STARTS HERE ===
S60 KCY=KCY+1

IF{KCY.GT.20) WRITE(6,3017)

IF(KCY.GT.20) STOP
3017 FORMAT(T1S,“!!'! RUN TERMINATED —-- KCY LOOP NOT CONVERGING !!!7)

Cw### CALCULATE INTER-BLOCK TRANSMISSIBILITIEZS & STORE PRESSURES
DO 310 K=1,KK
DO 210 J=1,JJ
DO 310 I=1,1I1
PG({I,J.K)=P(I,J,K)
PP=P(I,J.K) .
CALL INTRP1(PT1.,ZT.NT1,PP,ZZ)
CALL INTRP1(PT1,VIS1,.NT1,PP,VS)
BG(I,J-K)=CON#ZZ/P(I,J,>K)
VMOD=1., + BKLF(I,J,K)/P(I,J.K)
VIS(I,J,K)=VS/VMOD

210 CONTINUE

CALL TRANSZ(II,JJ>KK,IM,JM,TX,TY-TZ.A1l,AZ,A3,DX,0Y.DZ,
%BG, I1BK, IBKODE, IMM, UMM, VIS, KRAD, STHETA)
Cc
C###2#CALCULATE MAIN LIAGINAL AND RHS VECTOR
DO 80 J=1,..l
DO 80 I=1,II
DO 80 K=1,KkK
IF(MCODE.GT.2) STAT = TRMB(I,J.K) #NE(I,J»K)
PP=P(1I,J,K)
CALL INTRPL1(PT1,ZT.NT1,FPF,12)
SUM=TZ{I» S K)+TY (I, JoK)+TX( I, S K +TX(I+15 Jb KI+TY (I, J+1, K)+TZH
-Q.tl k] an K+1 )
E(I,J,K)==-SUM-GAMMA(I,J,K)/ZZ
IF(MCODE.GT.2) E(I,.J,K) = E(I,J-K) = STAT
GPZ = -GAMMA(I,J,K)Y#PN{I,J,K)/ZIN(I, .} K)
IF(MCODE.LE.2) RS(I.J,K) = GPZ + QSC(I.Jd>K)
IF{(MCODE.GT.2) @3(I1,d.K) = GPZ - STAT#PM(I.J,K,NRM1)
80 CONTINUE

Cc

C—=- #wwweirsr VARIABLE RATE NODE LOGIC ##fsisiit

C--- MODIFY MATRIX ELEMENTS ACCORDING TO SPECIFIED WELL PRODUCTION
C--—- RATES OR PRESSURES (BOTH NON-FRACTURED AND FRACTURED WELLS MAY
C-—— BE HANDLED:s SEE USER’S MANUAL FOR DETAILS)

IF(NVEN.EG.0)50 TO 2028
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DO 2027 J=1,NVGN
2027 QTOT = DABS(GV(I))
IPP=0
DO 2027 J=1,NVGN
DUMR (J) =PWF (J)
GWVE (I =V (D)
IF(FT.LE. TR1 (D .OR.FT.GT.TQZ2(J)) GO TQ 2027

IPP = 1

Jal = aN1(J)
JA2 = aN2(Jd)
JAa3 = aN3(J)

IF(IP(J) .EQ. O) GO TO 2025
IF(KCY.GT.1) GO TO 2023
QWELL (JQ1,JQ2,Ja3) = QV{J)

2023 GS(Jal,JR2,da3) = @3(Jai,Jaz,Ja3) + aVid)
GO TOo 2027

2025 FAC=PI(J)/(VI3{(JQ1,JA2,IQ3)#+BG(JAL, JQA2,JQAZ))
E(JGL,JQ2,Ja3) = E(JQ1,J82,J402) - FAC
IF(IVa(J).EQ. 0. OR .KCY.EQ.1) GO TO 2026

[

C.....CALCULATE BOTTOM-HOLE PRESSURE

C.... NOTE: IN THIS CASE "PWF" I3 SPECIFIED WELLHEAD
XWDERI=XWDG (J)
QA=DABS(FACH* (P (JQ1,JE2, JQ3) - DUMA(J)))
VS=VIS{Jal, a2z, Ja2)
CALL FRIC(Q&,GR.VS, XWLGJ, EE, RE,F, IF, DFTV)
Al1=C11#XWDR(J)/TIDA(J) #% S
A22=C22#XWDa(J)
PBH1=PWF (J)
CALL PBH(A11.,A22,0Q,F,FBH1.DFPW,PT1,ZT,NT1.,PEHZ)
DUM&(J) = PBHZ2

2026 QS(JQ1,JR2, Ja3)=a5(JR1,Ja2, J33) — FAC*DUMGI(J)

2027 CONTINUE

2023 CONTINUE

c
IF(N.NE.1.AND.N.NE.KT.AND.N.NE.NN) GO TO 252
IF(KPR.EG.O) GO TO 352
WRITE(&,16)
WRITE(L,17)({(I1,Js K, TZ(I>»JoK)H>TY(I,dK)-TX(I>s

LGl orLie o002
Science Applicafons, Inc.
July 31, 1980

PRESSURE!!

K)Y-E(I,J>K),

FTX(I+1, oK) TY (I J+1,K) > TZ(I- U K+1),QS(1.J-K)» I=1,11),d=1,dJ),

$K=1, KK)
WRITE(6.,36)
352 CONT INUE

CHE#H #H4#4 VARIABLE PRESSURE NODE LOGIC (BHP CALCULATIONS) H##4##

C### CALCULATE BHP“S AT VARIABLE PRESSURE NCODES
IF(NVPN.E®.0) GO TO 3522
IPPP=0
DO 3027 J=1,NVPFN
DUMP(J) = PV(D)
IF(FT.LE.TP1(J). OR. FT.GT.TPZ(J)) GO TO 3027
IPPP=1
IF(IVP(J).EQ.O .OR. KCY.EQ.1) GO TO 3027
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c

Ce««..CALCULATE BOTTOM-HOLE PRESSURE

XWDPJ=XWDPF (J)

JP1=PN1(J)

JPZ=PNZ (1)

JP3=PNZ (1)

PPP = P(JP1,JP2,JF3)

GQ = TX(JP1,JP2,JP3) # (P(JP1-1,JPZ,JP3) - PPP)
TX(JP1+1,JP2, JP2) #(P(JP1+1,JP2,JPS) ~ PPP)
TY(JP1, P2, JP3) # (P(JP1,JP2-1,JP3) - FPP)
TY(JP1.JP2+1,JP3) #(P(JP1,JP2+1, JP3) — PPP)
TZ(JP1,JP2, P3) # (P(JP1,JP2,JP3-1) = PPP)
TZ(JP1,JP2, JP3+1) #(P(JP1, P2, JP3+1) — PPP)

QG=DAES (GR)

VS=VIS(JP1, P2, JP2)

CALL FRIC(QQ,GR,VS,XWDPJ,EE,RE,F,1F,DFTV)

A11=C11#XWDP(J) /TIDP(J) ## S

AZ2=C22#XWDP (J)

PBH1=PV (J)

CALL PBH(A11,AZZ,06,F,PEHL, IPW,PTL1,ZT,NT1,PBH2)
DUMP (.J) = PEHZ
3027 CONTINUE

PR eR
+ 4+ + 4+

3522 IF(IPP.EQ.O .ANI. (fPPP.EQ.0.0R.QTOT.LE.1.E—04))ISH=O

IF(KSOL.EQ.3)
XCALL LSORCII. JJ,KK, IMsJM, IMM, JMM, TX, TY-TZ,E, @3, OMEGA, TOL, TOLL,
&NITER.MITER, DELT,DELTO,P.PN,UM,AZ,RZ,CZ-D1,EZ,FZ,UZ,
LNVPN, TP1, TFZ,PN1, PN2, PN3, DUMP, PFLAG, FT, IBK, KRAD, STHETA, KT, N, KPRT)

c
IF(KSOL.ER. 4)
2CALL D4SM(N, II,dJts KK, IM,JdM, IMM, JMM, TX,TY.TZ,E, QS F,
%2SE, MEP, IR1, JR1, IR, JR, KR, IC, JC, KC, AAA, BBR, X, CCC,
UNVPN, PN1, PNZ, PN2, TF1, TPZ, DUMP, PFLAG.FT, IBK, KT)
c

Cx###+ CHECK FOR CONVERGENCE
DF=DABS(FP(1,1,1) - PG{1,1,1)) "~
IF(N.EG.1.AND.KPR.NE.O)WRITE(4,3013)
DO 440 K=1,KK
Do 440 J=1,Jd
DO 440 I=1,11
IF(MCODE.ER.0) GENGQ
IF(MCODE.GE.1) GEN@ GSC(I,JK)

IF(MCODE.GE.3) GEN@ =QSCM(I,JdK)
DM=DABS(P(I,J-,K) = PG(I.Jd,K))
IF(DM.GT.DP) DP=DM
IF(N.EQ.1.AND.KPR.NE.0)WRITE(6,3009) I, J. K- GAMMA (I, J> K)»PG(I.J.K)»
P (I,J2K)HVIS(I-J>K)»ZN(I,J2K)H»PN(I,JsK)» GENG
440 CONTINUE
c

GWELL(I.J>K)

IF(DP.LT.ERR) GO TQ 440
GO TO 3560
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c S60 LOOP ENDS HERE —————
4460 IF(KPRT.EQ.0) 30 TO 442
IF(N.EG.1.0R.N.EQ.NN.OR.N.EQ.KT) WRITE(4,161) KCY.N,DP
161 FORMAT (T2, “###%e KCY CYCLE 7,13,7 FOR TIME-STEP”.,
%14,/ MAXIMUM PRESSURE CHANGE = “,E15.6)
462 IF(KSOL.EQ.4.AND.NVPN.NE.O)
%CALL TRANSZ2(II.,JJ>KK,IM,JM>TX,TY-.TZ,A1,.AZ,AZ,DX.DY-.DZ,
c %BG» IBK, IBKODE> IMM, UMM, VIS, KRAD, STHETA)
Ceee@ CALCULATE @SCM’S USING OUTER MATRIX TRANSMISSIBILITIES
IF(MCODE.EQ.0) GO TO 4612
DO 3614 K=1,KK
DO 4614 J=1,J4d
DO 4614 1=1,11
4614 QSCM(I,J>K) = TRMB(I,JoK)I®NE(I,J,KI#(PM(I,J>K:NRML)-P(I,J.K))
KCY = 0
IF(KCYPF.EQ.1) GO TO 5400
Ceeee@ CHECK ON CONVERGENCE OF FRACTURE PRESSURES
DPF = DABS(P{(1,1,1) - PF(1,1,1))
DO 4610 K=1,KK
DO 4610 J=1,JJ
DO 4410 I=1,11
DM = DABS(P(I,J,K) = PF(I.J>K)) -
IF(DM.GT.DPF) DPF = DM
4510 CONTINUE

IF(DPF.LT.ERRF) GO TOQ 4612
GO TO S400
45612 CONTINUE
Cmmm #uwsenn®t VARIABLE RATE NODE LOGIC st
C-—— CALCULATE(IMPLICIT) RATES OR FRESSURES AT VARIABLE RATE NODES
IF(NVaN.EG.O .OR. IPP.EG.0O) GO TO 2054
DO 2050 J=1,NVEN
IF(FT.LE.TQ1(J) .OR. FT.GT.T&2¢(J)) GO TO 2050
IF(PI(J).LE.0.0) GO TO 2050
Jai GN1 (D)
Jaz GNZ2(J)
JiI3 GN3(J)
FAC PI(J)/(VIS(JaL, a2, Ja3)#BG(JR1, JR2,JE3))
IF(IP(J) .EQ. 0) QWVR(J) = FAC # (P(JQ1,Ja2,Ja3) - DUMG(J))
IF(IP(J) .EQ. 0) QUELL(JG1,JE2,JQ3) = QWVA(J)
IFC(IP(J) NE. 0) PWF(JI) = -GV(J)/FAC + P(JQL1,.JQ2,JEa3)

c
IF(IP(JY.NE.1 .OR. IV&{(J).NE.1) GO TO 2050
c
C.....CALCULATE WELLHEAD PRES3SURE HERE
Ga=DABS(QV{J))
vS=VIS(Jil, Ja2, Ja)
XWDaJ=XWDa(J)
CALL FRIC(QG,GR,VS, XWD&J,EE.RE.F,IF,DFTV)
A11=C11#XWDQAC(J) /TIDA(J) ##35
AZ22=C22#XWDRA(J)
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PWH1=PWF (J1)
CALL PWH(AL11,A22,0G,F,PWHL,OPW,PT1,2T,NT1,PWH2)
DUMRC(J) =PWH2

2050 CONTINUE
IF(IPP.EG.O .OR. (N.NE.1.AND.N.NE.KS) ) GO TO 20354

(™

C———— NOTE THAT DUMG(J) = PWF(J) IF ND BHP CALCULATIONS ARE REQUIRED
WRITE(6,591) FT
WRITE(6,592) (GN1(J)>GN2¢J)AN3(J),BWVR(J),PI(J),PWF(J),DUMA(JD),
% P(AN1{J)>AN2¢(J) - AN3(J) ) » VIS(GNL (J) > AN2(J) > AN3(J))»
% BG(ANL (J)»AN2(J) . ON3(J))» IP(J)» IVR(JS)s J=1,NVEN)

2054 CONTINUE

Cc

- CH### VARIABLE PRESSURE NODE LOGIC ####4
C#### CALCULATE INJECTION RATES AT VARIABLE PRESSURE & SPECIAL NODES
c

IF(NVPN.EQ.O.AND.NSPN.EQ.0)GT TO 2006

CALL CPRES(IM,JM, IMM,JMM, N, NN, KT, GWELL.P.TX,TY.TZ, DUMP,

&F T, NVPN» PN1, PN2, PN3, TP1, TP2, PV, K3, NSPN, ISP, JSP, KSF> GSP)

C
Ceee® BOTH SGSCM & SGSC ARE TOTAL FLOW FROM MATRIX INTO FRACTURE SYSTEM
ceeee SGSC USED FOR MCODE = 1 OR 23 SQSCM USED FOR MCODE = 3 OR 4

c

2006 S@SCM=0.0
S@SC=0. 0
SQSCD=0.0
DSP = 0.0

DO 46350 K=1,KK
DO 446350 J=1,Jd4d
03 446350 1=1,1I1
IF{MCODE.ER.0) Q(I1,d,K) = QWELL(I,.J.K)
IF(MCODE.ER.O) GO TQ 4450
IF(MCODE.LE.2) &{(I,J,K) = QWELL(I.J>K) + @3C(I..t.K)
IF(MCODE.GT.2) Q(I,J,K) = GWELL(I,J>K) = @SCM(I,d-K)
DSP = DSP + INJ(I,Jd,K)
SESCD=S&5Ch + Q3SCD(I,J,K)
SESCM = SQSCM + QSCM(I1,J.K)

' SESC = SASC - GSC(I,J-K)

4450 CONTINUE

IF{(MCODE.EG.0) GO TO 4632
WRITE(&, 1661) KCYPF.N,DPF,SQSCM,SRSC.P(1,1,1)

IF(MCODE.GT.2) INJN = S&QECM = DELT
IF(MCODE.LE.2) INJN = 3Q5C % DELT

C#### CALCULATE GAS REMAINING, VOLUME FACTORS. MEBE.S, ETC.
4432 POZAVG=0.0
TOTPRD=0.0

TEXFRD=0.0
SM=0.0
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SQWELL=0.0

EXTINJ=0.0

EXTPRD=0.0

sa = 0.0

DO 3006 K=1,KK

DO 3006 J=1,JJd

0O 3006 I=1,11

S& = s& + Q(I,J>K)
SAWELL=SGWELL+QWELL (I, J>K)
PP=P(I,J>K)

CALL INTRP1(PT1,ZT-NT1,PF,Z2Z)
BG(I,J>K)=CON#ZZ/P(1,J,K)
TOTPRD=TOTPRD+G(1,J,K)#DELT
TEXPRD=TEXPRD + QWELL(I,J>K) 3 DELT
IF(RWELL(I,»J,-K).GT.0.0) EXTPRD EXTPRD + QWELL(I,Jd,K)®*DELT
IF(QWELL(I.J,K).LT.0.0) EXTINJ EXTINJ +DABS(QWELL(I,J>K))*DELT
IF(IBK(I»J,K).EQ.O0)GO TO 3006
SM=SM+VP(1,J,K)/BG(1,dJ,K)
POZAVG=POZAVG+P(1,J,K)#VP(1,J.K)/2Z
CUONTINUE

POZAVG=PQOZAVG/RESVOL

SMN=MCFCAL

IF(N.EQ. 1 )SMN=MCFINT

MCFCAL=SM

NSC = MCFCAL - ZMN

IMBE=NSC + TOTPRD

CEXPRD = CEXPRD + TEXPRD
CUMPRD=CUMPRD+TOTPRD

FGR = CEXPRD/TGAS

CUMINJ = CUMINJ + INJN
CUMDSP = CUMDSP + DSP

NOTE THAT CUMPRD IS NET PRODUCTION - CONSIDERING INFLUX FROM

MATRIX (HENCE I3 CORRECT TO UJSE FOR MATERIAL BALANCE ERROR IN
FRACTURE SYSTEM)

MCFACT=MCF INT-CUMPRD-CUMO

MBE=(MCFCAL/MCFACT-1.0)#100.0 + MEEC

IF(MCUDE.E&.Q) GO TO 4702

MCFMA = MCFMI - CUMINJ + CUMDSP
MCFDA = MCFDI - CUMDSP
TGAS1 = MCFACT + MCFMA + MCFDA

FGF = MCFACT/TGASL * 100.
= MCFMA/TGAS1 # 100,
FGD = MCFDA/TGASL # 100.
FGGF= (MCFINT - MCFACT) /MCFINT
FGGM= (MCFMI- MCFMA)/MCFMI
IF (MCFDI.NE.0.0) FGGD = (MCFDI — MCFDA)/MCFDI
IF(MCFDI.EQ.0.0) FGGD = 0.0

CONTINUE
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IF(N.NE.1.AND.N.NE.NN.AND.N.NE.KT)GO TO 999
IF(KBV.EG.0) GO TO 2008
WRITE(&,2010)DELT,POZAVG
WRITE(6,3011)
DO 3007 K=1,KK
Do 3007 J=1,dJ
DO 3007 I=1,11
PP=P(I,J,K)
CALL INTRPL(PT1.,ZT,.NT1,.PF,ZZ)
CALL INTRP1(PT1,VIS1,NT1,FPP,VS)
VMOD=1. + BKLF(1,J,K)/P(I,J-K)
VIS(1,J,K)=VS/VMOD
WRITE(4,3009)1,J,KsP{I>,J>K)»BG(I-J.K)»2Z,VS,VMOD,VIS(I,J.K)
2, GAMMA(I,»JoK)-Q( I, U5 )
3007 CONTINUE
3008 CONTINUE

Cc
Crax2#WRITE NEW DISTRIBUTION % SPECIAL NODE DATA
c
' CALL PRTSMD(II,JJ,>KK,IM,JUM,N,DELT, TOTPRD, CUMINJ, CUMDEP,
%P, CUMPRD,MCFINT. FT,KP, NN, KT, MCFCAL, PN, MBE. MCFACT»
% TGAS,NSC, IMBE, EXTINJ, EXTPRD, TEXPRD» CEXPRD, FGR» INJN, OSF)
c T EELE

ceeee@ PRINT PRODUCTION RATE SUMMARY
IF{MCODE.ER.0) GO TO 999
IF{MCODE.LE.2) SCM=3QSC
IF(MCODE.GT.2) SCM=SQSCM
WRITE(6,1577) SGQWELL.,SCM, SQSCD, SQ

999 IF(NSPN.EQ.0)G0O TQ 998
IF(N.NE. 1.AND.N.NE.NN.AND.N.NE.KS)GG TO 998

CALL SPECN(IM,JdM, IMM,. MM, KPU1,NSFN, ISP, JSP,
“KSP,.P,PN,VF,QSF,TX,TY,TZ,FT,DELT,EXTINJ, EXTPRD, TEXPRD,
*CEXPRD, POZAVG, MBE)

IF(N.EG.KS)KS=KS+K3N

c
ceeee
998 CONTINUE :
IF{MCODE.EQ.O) GO TQ 9998
IF(N.NE.1.AND.N.NE.NN.AND.N.NE.KT) GO TQ %798
c
Ceeee® NOTE THAT QSCM AND GSC ARE CUMPARABLE

WRITE{(6,13571)

DO 4500 J=1,NEPN

J1=ISP(J)

J2=J5P(J)

J2=KSP(J)

IF(NE(JL1,J2,J3).LE. 1.E~Q05) GO TO 43500

@SCP = —-GSC(J1,J2.Jd3)

WRITE(6,1575) J1,J2,J3

WRITE(6,1573) (PM(J1,J2,Jd3,L)-,L=1,NRM),&@SCM(J1.,J2,J3),
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LQSCP, A(J1,J2,J3),QSCD(J1,J2,J2)

4500 CONTINUE
CALL PCGINV(MCFACT.MCFMA.MCFDA. TGASL ,FGF.FGM, FGD, FGGF»

R FGGM, FGGD)

9993 IF((N.NE.1.AND.N.NE.NN.AND.N.NE.LT).OR.KPU2.EQ.Q)GO TO 9985
WRITE(6,56) '
WRITE(7,2) II,JJ.KK,FT
D0 996 K=1,KK
J=JJ

997  WRITE(7,1129)(P(I1,J,K)>I=1,11)

=J-1 :
IF(J.EQ.0)GO TO 996
GO TO 997

996  CONTINUE

9935 IF(N.EQ.LTILT=LT+LT1
IF(N.EQ.KTIKT=KT+KT1

1000 CONTINUE

1001 CONTINUE
IF(KPU.EQ.0)GO TO 9997
WRITE(6,3051)FT,CUMPRD,MBE
WRITE(7,&£051)FT,CUMPRD, MRE
DO 9000 K=1,KK

=JJ

S80S0 WRITE(L,S3)(P(1,4,K),I=1,11)
WRITE(7,S8)(P(I.J>K),I=1,1I1)
J=J-1
1IF(J.EQR.0)GO TO 9000
GO TO €030

9000 CONTINUE

8051 FORMAT(F20.12,F30.12,F20.12)

591 FORMAT(//T12, “ELAPSED TIME = “,F11.4,5X, VARIABLE RATE NODES ARE -
%,“SET AS FOLLOWS ,//.2X,“NODE”,7X,»“RATE>11X,“P1“,13X.”" FWF 7,
24X, - DUME ’,SX%, “PRES VIis”,9%, “BG IP  IVR”)

92  FORMAT(SX,Z313,2X-.E12.6,2X,E12.6,2X>3F12.3,F14.5,2X,E12.4,215/)

2 FORMAT (F20.0)

FORMAT(3F10.0,31I%)

FORMAT(315,F15.7)

FORMAT(IS,F10.0)

FORMAT(4F10.0,415)

FORMAT(IS.F10.5)

FORMAT(F10.7)

FORMAT(21S5,4F10.0)

FORMAT(10(/)»T20,’ B EG INNING TIME=-STEFP “.148.7///)

571 FORMAT(///T10, === MATRIX PRESSURE DISTRIBUTIONS, SOURCE “.“RATE
s(:s —— 11} QSCM " (1} QSCH "G!ll 11} GS‘:D ", )

1573 FORMAT(1X,10F1Z.4)

1575 FORMAT(/TS,  RESERVOIR "HISTORY NODE" ~,2313)

1577 FORMAT(///T15:“cceesee... SUMMARY OF FLOW RATES THIS STEP-,

%7 (MCFD) svescecece’//TS,7 WELL PRODUCTION ’,
%T35, - INJECTION FROM MATRIX’,Té&b, “DESORPTION INTO MATRIXZ,
£T9S, “NET FRACTURE SYSTEM PRODUCTIONZ/,

&TE,' ’1T351 ’ - ’1T661

g U

= ONOU D W
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73 T2 TS, 7 7
%/T4,F12.3,T36,F12.3,T73,F15.1,F24.37//)

12 FORMAT(132X.314,2F20.3)

111y FORMAT(1X,146FS3.0)

117 FORMAT(//TS,“INITIAL FREE MATRIX GAS: I, J» K, BGMM, 7,
&%’ GASM, NE., GASM1i, MCFMI“/)

1129 FORMAT(16F5.0)

16 FORMAT(///TS» 1 J K TZ K-1/2 TY J-1/27,
734 TX I-1/27,
&6X, “E“» 9%, 7TX I+1/2 TY J+1/2 TZ K+1/2 Qs /)

17 FORMAT(31S,.3F14.3,2X,E12.6,3F14.3,2X-E12.6)

1% FORMAT(S(/)>T15, “RADBIUS OF CYLINDRICAL MATRIX ELEMENT(CM) = 7,
&F6.1)

21 FORMAT(///T15, “CUMULATIVE GRID-BLOCK RADII(CM)“/)

23 FORMAT(15X, I5,2F12.6)

1661 FORMAT(T2,“++ PF CYCLE “,12,2X,“ STEP/,1X,I13,2X, DPF =7,
%D11.4,3X,“SASCM =/,D11.4,“ SQSC =,D11.4,3X,"F{1.1,1) =7,

- WF7.1)

1377 FORMAT(F10.0,E11.4) = ‘

1777 FORMAT(///T15,“ MATRIX POROSITY & PERMEABILITY(PHIM., KLM) ARE: “,
4F12.4,E15.6)

3115 FORMAT(///T1S,’>>2>>>> YOU HAVE SPECIFIED MCODE = “.I1I2//)

3117 FORMAT(///T15S, $$$$$$$$$5 INVENTORY OF INITIAL GAS IN PLACE’»
%7 (MCF) FOLLOWS $$$$$3$%$%$%$//75, "RESERVOIR GAS”,
T3S, “"FREE" MATRIX GAS’,T75, "AODSORBED" MATRIX GAS‘ /.
&TS,’ ’vTSSv’ ———aT75,
L3 /)

2121 FORMAT(//T1S,*>5>2>>>>> TOTAL GAS IN PLACE(MCF)
%.F12.3// T1S5:%cuue.... PERCENT GAS IN FRACTURE SYSTEM
%.F8.2// T15:7........ PERCENT GAS IN MATRIX AS FREE GAS
%, F3.2/7/ T1S,"........ PERCENT GAS IN MATRIX AS ADSOREED GAS
%.F8.2)

3123 FORMAT(///7//T5,125(%#7)//)

41 FORMAT (20F4.2)

44 FORMAT(16F3.23)

53 FORMAT(IS)

S701 FORMAT(15X,3I5,3X,F7.1)

S6 FORMAT(//)

58 FORMAT(4F17.12)

61 FORMAT (135X, I3,3X,F12.7)

63 FORMAT(F10.0,13)

&8 FORMAT(13X,314,F20.3)

69 FORMAT(40A2)

71 FORMAT(315,.F10.0)

72 FORMAT(15SF2.4)

7209 FORMAT(2F10Q.0)

7211 FORMAT(3F10.0)

7212 FORMAT(6F10.0)

79 FORMAT (12X, 3I3,F12.5,F14.2,F12.3.F16.2)

1 FORMAT(2IS,.F10.0)

3109 FORMAT(///T7TS, SINCE YOU HAVE SPECIFIED A NEGATIVE VALUE FOR”

NN NN

58



3111

11t

2119
3009
3010

3011
30183
4707
9091
9999

2049

2410
&9

74
76

Science Applications, Inc.
July 31, 1980

&, THE KLINKENBERG NUMEBER IT WILL BE DETERMINED FROM THE FUNCTION-
% /T3.“B = C1 % K ## C2 USING THE VALUES OF C1 & C2 YOU HAVE <,
%’3PECIFIED -- “,“C1 = /,E11.8," & C2 = “,El11.4/)
FORMAT(///T1S5, “KLINKENRERG FACTOR HAS BEEN SPECIFIED AS --- 4,
% B = “,F&.4)

FORMAT(1X,31I3,2E15.6)

FORMAT(T4,F12.3,T346,F12.3,T72.F15.0)

FORMAT(1X,3I4,8E15.48)

FORMAT(//T1S, “SIZE OF CURRENT TIME-STEP =/,F1i1.64/
&T1S5, “AVERAGE P/Z =7,F11.6//)

FORMAT(//TS, “PARAMETERS ARE: I,J.K, P(I,J-K)> BG(I.J-K)» ZZ,7»
%7 VS, VMOD, VIS(I,Jd,K), GAMMA(I,J.K), G(I-JK)"/)
FORMAT(//TS, “‘PARAMETERS ARE: I,J,.K, GAMMA, PG, P, VIS, IN, PN, Q)
FORMAT(TS,“.....PF CYCLE LOOP WILL NOT CONVERGE---DPF= “,E12.6)
FORMAT(1X, 16F5.0)

CONTINUE

STOP

IND=1

GO TO 1049

END

SUBROUTINE BDRY(IM,JM, IBK, IRKGDE)

INTEGER#2 IEBK(IM,JM,1),HEADIN(40)

READ(S,67) HEADIN

READ(S, 2) IBKODE

IF(IBKODE.ER.O)RETURN

WRITE(6,76)

DO 2410 L=i,IBKODE

READ(S,2)I,J>K, TEK(I,.J,K)

WRITE(6,74)15JKs IBK(I,J,K)

CONTINUE

FORMAT (40A2)

FORMAT(415)

FORMAT(15X,415)

FORMAT(T13S, “NCODES QUTSIDE RESERVOIR BOUNDARY OR IMPERMEABLE “,
%&“NODES” /)

RETURN

END

SUBROUTINE CPRES(IM,JM, IMM»JMM, N, NN, KT, QWELL s P, TX5> TY, TZ, DUMP
2, FT» NVPN, PN1,PN2, PN3, TP1, TP2, PV, KS, NSPN, ISP, JSP, KSP, QSP)
IMPLICIT REAL*8 (A-H,0-2)

INTEGER#2 PN1(1),PN2(1),PN3(1)
&, ISP(1),JSP(1),KSP(1)

REAL#4 PV(1).DUMP(1)

DIMENSION GWELL(IM>JM>1),TX(IMM,JUM>1),TY(IM, JMM>1)>TZ(IM, UM, 1)
HLPIIMUM, 1)L, TP1(1),.TP2(1),Q5P (1)

IF(NSPN.ER.O)GO TO 2010

DO 2002 .1=1,N3PN

GSP(J)=
UTZ(ISP(J)» JEP () KEP(J))#P(ISP(D)» JEF (D), KSP(J)-1) +
RTY(ISP(J)» JSP{J) - KEP () I #P(ISP(J) »JSP(J)~1,KSP(1) )+
ETXCISP(U) » JBP(J) L KSP(D) ) #P(ISP(J) =1, JSP(J),KSP(J) ) +
KTXC(ISP(I) +1,JEP(J)»KSP(UN ) #P (ISP(J)+1, JSP(J),KSP(J) ) +
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TY(ISP(J) > JSP () +1,KSP(J) ) #P (ISP (J) » JSP(J) +1,KSP (1)) +
STZ(ISP(J)»JSP(J) »KSP() +1) #P (ISP (J)» JSP(J) s KSP{J) +1)
%P (ISP (J) > JSP(J) . KSP(J))#
G(TZCISP(J) »JSP(J) . KSP(J) )+
&TY(ISP(J)»JSP(J),KSP(J) )+
LTXCISP(J) » JSP(J) . KSF(J) )+
LTXC(ISP(J)+1,JSP(J) ,KSP(I) )+
SLTY(ISP(J), JSP(J)+1,KSP(J))+
LTZC(ISP(J)» JSP(J) - KSP(J)+1))
2002 CONTINUE
2010 IF(NVPN.EQ.O)RETURN

IPP=0

DO 2020 J=1,NVPN

IF(IPP.EQ.O0 .AND. (N.EG.1.0R.N.EG.KS) )
SWRITE(&,70) FT

IPP=1 |

QWELL (PN1{J),PN2(J),PNI(J)) =
STZ(PNL (J) - PN2C) - PNS(J) ) #P CFN1 (J) - PN2(J), PN3(J) -1) +
&TY (PN1(J) - PNZ(J) - PN3(J) ) #P (FNL(J) s PN2(J) =1, PNI(J) ) +
LTXCPNL (J) > PNZ(J) > PN2(J) ) #F (FN1(J) =1, PN2(J) , PN3(J) ) +
STXCPNL (J) +1,PN2(J) » PN3(J) ) #P (PN1{J)+1,PNZ(J) »PN3(J) )+
2TY (PN1(J) > PN2 () +1, PNS(J) ) #F (PN1 () » PN2(J) +1, PN () ) +
TZ(PNL(J)PN2(J) - PN3(J) +1) #P (PN1(J) » PN2(J)» PN3(J) +1) -
&P (PN1(J) . PN2(J) ,PN3(J) ) *

%(TZ(PN1(J)»PN2(J),PN3(J) )+

LTY(PN1(J), PN2(J)»PN3(J) )+

&TX(PNL{J), PNZ(J),PN3(J) )+

LTXCPNL () +1, PN2CJ) PN3(J) )+
STY(PN1(J) - PN2() +1,PNI(D) )+
ETZ(PNL(J) - PN2¢d) > PNS(J)+1))

IF(IPP.EQ.O .OR. (N.NE.1.AND.N.NE.KS) ) GO TQO 2020

WRITE(6,6%) PN1(J)2PNZ(J),PN3(J), QWELL(PN1(J)-PNZ(J)»PN3(J) ),
P (FN1(J) - PN2(J)»PN3(J) ) - PV (J) > DUMP(J)

2020 CONTINUE

C

Cx#% NOTE THAT DUMP(J) = PV(J) IF NCO BHP CALCULATIONS:

c OF COURSE P(PN1(J)>PN2(I),PN3(J)) = PV

C>>> NOTE THAT BOTH GSP AND GWELL ARRAYS ARE FOSITIVE FOR PRODUCTION!!!
c

69 FORMAT(SX,313,4E135.6/)

70 FORMAT(/T18, "ELAPSED TIME =-,F11.6,5X, “VARIABLE PRESSURE”.,

% NODES ARE SET AS FOLLOWS”,//2X, NODE“,7X, “RATE »11X, "PRES”,
212X, 7PV7, 13X, “DUMP“)
RETURN
END
SUBROUTINE D4SM(NSTEP, II,Jdd.KK,IM,JM, IMM, IMM.TX.TY.TZ,E,QS,F,
%SE,MEP, IR1,JR1, IR JR-KR, IC, JZ,KC, A B> X C,H
ENVPN, PNL, PN2,PN3, TP1, TP2,PV, PFLAG-FT, IBK,KT)
Ciedett
Cx#ie PROGRAM FOR SOLVING IMPLICIT FIVE~-POINT DIFFERENCE EQUATIONS
C###3t USING D4 ORDERING(EACH GRID BLOCK IS ASSIGNED A PLANE NUMEER
Cas### ACCORDING TO THE SUM OF THE INDICIES I+J+K AND THE EQUATICONS
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Cwx%# ARE REORDERED WITH FIRST ALL ODD PLANE EQUATIONS IN INCREASING ORDER
C##t#s FOLLOWED BY ALL EVEN PLANE EQUATIONS IN INCREASING ORDER)
Cotrss
INTEGER#2 SE(1),MEP(1),IR1(1),JR1(1),51,32,33, IFLAG-PN1(1),PN2(1),
EPN3(1),PFLAG(1), IBK(IM,. M, 1)
INTEGER#4 IR(1),JR(1),KR(1),IC(1),JC(1),KC(1)
REAL#8 TX(IMM>JUM, 1) TY(IM, UMM, 1) TZ{IM, UM, 1)E(IM, UM, 1),

HAS(IM> UM, 1), PCIM, JM,i) A(1).B(1), X(1) C(1),TP1(1),TPZ(1),FT
- REAL %4 PV(i) :

c I
C>>>}>}>> NOTE: BEFORETUoING ON OTHER THAN IBM SYSTEM MUST MOLRIFY
CO>22553> THE FOLLOWING STATEMENT(TO ALLOW FOR DIVISICN BY
C2O25555> ZERO- WHEN NUHERATGR IS ALSO ZERO)
c

' CALL ERRSET (209, 256,=1,1,0,200)
c WRITE(6,8) (I, JrKaTX(I b K)HTY(ILUK)HTZ(I,JbK)HLE(I s h),
c &QAS(I,J-K)H» I=1,1I1),Jd=1,JJ)>K=1,KK)
38 FORMAT(1X,3IS5,5F15.6)
c

IF(NSTEP.GT.1)GO TG 2000
CALL ORDER(II,JJ,KK,S3E,MEP,IR1,»JRL, IR, JR,KR)
C#x#x#NEP=TOTAL NUMBER OF EVEN PLANE BLOCKS

NEP=0
DO 2 K=1,KK
2 NEP=NEP+SE (K)
NME=NEP#(NEP+1)/2
C L J
2000 DO 3 L=1,NME
3 A(L)=0.0
c
C#### MODIFY MATRIX IF NODE I3 TO HAVE SPECIFIED VALUE
c

IF(NVPN.EG.Q)GO TO 3001
DO 2S00 L=1,NVPN
PFLAG(L)=0
IF(FT.GT.TPL1(L).AND,.FT.LE. TP2(L))PFLAG(L)=1
2500 CONTINUE
DO 2000 K=1,KK
DO 3000 J=1,Jd
. DO 3000 I=1,II
DO 1999 L=1,NVPN
IF(I.NE.PN1(L).0OR.J.NE.PN2{L).0OR.K.NE.PN3(L).OR.PFLAG(L).EQ.O)
&GO TO 1999
IF(I.NE.1)QS(I-1,J,K)=QS(I-1,0,K)=-TX(I,J.KI%PV(L)
IFCI.NE.IDIG@S(I+1,J, K)=GS(I+1, . K)=TX(I+1,J.KI)#PV(L)
IF(J.NE. 1)@S(I,J=1,K)=Q3(I, J=1,K)=TY (I, K)#PV(L)
IF(J.NE. JJIQS(I,JI+1,K)I=AS(I,J+1,K)=TY(I,J+1,K)#PV(L)
IF(K.NE.1)QRS(I,J,K-1)=GS(I,J,K~1)~-TZ(I,J-K)#PV(L)
IF(K.NEKKIQS(T,JdsK+1)=GS(I; s K+1)=TZ(I,d>, K+1)#PV(L)
E<(I,J-K)=1.0
TX(I,J.K)=0.0
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TX{I+1,J.K)=0.0
TY(I,Jd-K)=0.0
TY{(Ll,J+1,K)=0.0
TZ(I1,J,K)=0.0
TZ{I,J,K+1)=0.0
GO TO 3000
CONTINUE
CONTINUE
CONTINUE

FORMAT(1X,415)

DO 4 L=1,NEP
WRITE(&>11)L, IR(L) »JR(L) s KR(L)
IC(L)=IR(L)

JC(L)=JR(L)

KC(L)=KR(L)

I1=IR(L)

J1=JR(L)

K1=KR(L)

B(L)=GS(I1,J1,K1)~
B (TX(I1,J1.K1)#Q5(T1-1,J1, K1) /E(T1-1,J1,K1) +

& TY(I1,J1,K1)#QS(I1,J1-1,K1)/E(I1,J1-1,K1) +
% TZ(I1,J1,K1)#Q3(I15J1,K1-1)/E(I1,J1,.K1~-1) +.
% TX(I1+1,J1,K1)#QS(I11+1,J1,K1)/EC(I1+1,J15K1) +
& TY(I1,J1+1,K1)#QS{I1,J1+1,K1)/E(IL,J1+1,.K1) +
& TZCI1,J1,K1+1)#QS(11,J1,.K1+1)/EC(I1,J1,K1+1))
CONTINUE
=Q

0O 100 L=1,NEP

Do 100 M=1.L
IFLAG=0

=N+1

IF(L.EQ.M)GO TO 10

S1=IC(L)-IR(M)

S2=JC(L)-JR(M)

32=KC(L)-KR(M)
IF(S1.EQ.2.AND.S2.EG.0.AND. 33.ER. Q) IFLAG=2
IF(S1.EG.0.AND.32.EQ.2.AND. S3.EQ.0) IFLAG=3
IF(S1.EG.0.AND.S2.EQ.0.AND. S3.ER. 2) IFLAG=4
IF(51.EQ.1.AND.S2.ER. 1.AND.S3.EQ.0) IFLAG=3
IF(S1.EQ.1.AND.S2.E:.0.AND. S3.EQ. 1) IFLAG=6
IF(31.EG.0.AND.S2.EG.1.AND.S3.EQ. 1) IFLAG=7
IF(31.EQ.1.AND.S2.EQ.-1.AND.S3.EX.0) IFLAG=3
IF(S31.EQ.~1.AND.S2.EG.1.AND.S3.EQ. Q) IFLAG=Y
IF(S1.EQ.1.AND.S2.ERQ.0.AND.83.EC. -1) IFLAG=10
IF(31.EQ.-1.AND.52.EQ.0.AND.S53.EQ. 1) IFLAG=11
IF(S1.EQ.0.AND.52.EQ.1.AND.S3.EQX. 1) IFLAG=12Z2
IF(S1.EQ.0.AND.S2.EQ.~1.AND.S3.EQ. 1) IFLAG=13
WRITE(4,101) IFLAG
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GO TO 20

CONTINUE

AA=TX(IR(L) > JR(L)LKR(L) I #TX(IR(L)» JR(L),KR(L))
BB=TY(IR(L),»JR{L),KR(L) ) #TY{IR(L),JR(L) ,KR(L))
CC=TZ(IR(L)>»JR(L)-KR(L))*TZ(IR(L),JR(L).KR(L))
DD=TX(IR(L)+1,JR(L)KR(L))#TX(IR(L)+1, JR{L),KR(L))
EE=TY({IR(L),JR(L)+1,KR(L))#TY(IR(L),JR(L)+1,KR(L))
FF=TZ(IR(L)» JR(L)-KR(L)+1)#TZ(IR(L)»JR(L) »KR(L)+1)

AMNDI=E(IR(L)>»JR(L)-KR(L)) = AA/E(IR(L)=1,JR(L),KR(L))

& = BB/E(IR(L)>JR(L)=1.KR(L))
& = CC/E(IR(L),JR(L)-KR(L)-1)
% = DD/E(IR(L)Y+1,JR(L)KR(L))
2 = EE/ZE(IR(L)-JR(L)+1,KR(L))
& - FF/E(IR(L),JR(L) KR(L)+1)
GO TO 100

IF(IFLAG.ER.0)GO TO 100

IFCIFLAG.ER.2)AINI==TX(IG(L)»JC(L) -, KC(L) ) #TX(IR(M)+1, JR(M) - KR(M) )/
% E(IR(M)+1,JR(M)>KR(M))

IF(IFLAG EQ.Z)YANI==TY(IC(L),JC(L),KC(L))#TY(IR{M), JR(M)+1,KR{M) )/
% . E{IR(MM)>»JR(M)+1,KR(M))

IFC(IFLAG.EQ.4)A(N)==TZ(IC(L)» JC(L) -, KC(L))#TZ(IR(M) » JR(M),ER(M)+1)/
% E(IR(M),» JR(M) . KR(M)+1)

I1=MINO(IR(M), ICCL))
J1=MINO(JIR(M) » J2(L))
K1=MINO(KR(M),KC(L))

IF(IFLAG.EG.S)AN)=—TX(IR(M)+1, JR(M) , KR(M) ) #TY(IZ(L), JC(L) - KC(L) )/

% E(MINO(IR(M)+1,IC(LY)>J1,K1)
% =TY(IR(M) > JR(M)+1, KR(M) ) #TX(IC(L) , JCIL) L KC(L)) /
& E(I1,MINOCIR(MI+1,dC(L))-KL)

IF(IFLAG.EG.H)A(NI==TX{IR(M)+1, JR(M) L, KR(M) I®TZ(IC(L),JC(L) KC(L))/
E(MINO(IR(M)+1,IC(L)),J1,K1)
=TZ{IR(M)  IR(M) L KRIM)+1)#TX(IC(L) - JC(LY . KC(L)Y )Y/
E(IL1,JLl.MINO(KR(M)+1,KC(L)))

gl of

0
~

IFCIFLAG.EQ. 7)) AN ==TY(IR{(M) » JR(M)+1, KR(MI I #TZ(IC(L) > JC(L)-KC(L))/
¢ E(IL1.MINO(IR(M)+1,JC(L)),KL)

“TZ(IR{(M), JR(M)LER(M)+1 ) #TY(IC(L)»JC(LYKC(L)Y)/
E(IL1,J1,MINO(KR(M)+1,KC(L)))

& o &

IF(IFLAG.EG.2)A(N)==TX{IR(M) +1, JR(M), KR(M) ) #TY(IC(L),JC(L)+1,KC(L)
) /E(MINOCIR(M)+1, IC(L))IH>MINO(JR(M)»JC(L)+1), K1)
&=TY(IR(M)» JR(M) - KR(M) I #TX(ICS(L)»JCCL)KC(L) )/
TE(IL,J1,K1)
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IF(IFLAG.ERQ. ?)AN)==TY(IR(M)» JR(M)+1, KR(M) ) #TX(IC(L) +1,JC(L) . KC(L)
% Y/E(MINO(IR(M), IC(L)+1),MINO(JR(M)+1,JC(L)) K1)
& =TXC(IR(M) > JR(M) L KRIM) I #TY(IC(L)»JC(L) . KC(L)Y)/
& E(I1,.Jd1,K1)

IF(IFLAG.EQ. 10)A(N)I==TX(IR(M)+1,JR(M),KR(M) I #TZ(IC(L),JC(L) . KC(L)+
% 1)/E{MINO(IR(MI+1, IC(L))»JL. MINQ(KR(M),KC(L)+1))
% ~TZ({IR(M) » JR(M) , KR(M) I #TX(IC(L)»JC(L) KC(L))/
8( E(I1’J1,K1)

IF(IFLAG.ER. 11)ANI==TZ(IR{M)» JR(M) . KR(M)+1) #TX(ICC(L)+1,JC(L),KC(L
Y)/E(MINO(CIR(M),IC(L)I+1),J1,MINO(KR(M)+1,KC(L)))
~TX{IR(M)» JR{M)»KR(M) ) *TZ(IC(L),JC(L)-KC(L))/
E(I1l,J1,K1)

Lo il o

IF(IFLAG.EG.12)A(NI==TY{(IR(M), JR(M)+1,KR(M)I#TZ(IC(L),JCI{L) ,KC(L)+
1)/EC(I1-MINOCJIR(M) +1,JC(L)Y ) > MINO(KR(M) ,KC(L)+1))
~TZ(IR(M), JR(M)LKR(M) ) #TY(IC(L)»JC(L)KC(L))/
E(IL1,J1,K1)

gl g o

IF(IFLAG.EQ. 13) AN ==TZ(IR(M) » JR(M) » KR(M) +1) #TY(IC(L) . JCCL) +1, KC(L

& ))/E(IL1,MINOCJIR(M),JCC(L)+1),MINOCKR(M)+1,KC(L)))
% ~TY(IR(M) » JR(M)KR(M) ) #TZ(IC(L) > JCIL) s KC(L) )/
% E(I1,J1,K1)
CONTINUE .
IF(NSTEP.E®Q. 1.0R.NSTEP.EG.KT) WRITE(&,9999)NEF,NME
FORMAT (TS, “SOLUTION TECHNIGQUE 1S D4sM -,

“NUMBER OF EVEN FLANES = *,15,

- NUMBER OF MATRIX ELEMENTS USED = *,I%)
WRITE(6> 101 )N, NME, NEP
WRITE(6,102) (I,ACD), I=1,N)
WRITE(6,102) (I,B(I),I=1,NEP)
CALL SYMM(NEP,NME,A,B:X,C)
WRITE(6,102) (1,X(1), I=1,NEP)
FORMAT (1X,2515)
FORMAT(1X, IS5,E15.6)

gl o

. DO 200 L=1,NEP

P(IR(L) »JR(L) - KR(L) )=X(L)

DO 300 K=1,KK

Dg 300 J=1,JdJd

DO 300 I=1,1II
NS=I+J+K

NA=MOD (NS, 2)
IF(NA.EQ.O)GO TO 300

IF{NVPN.EQ.0)GOC TO 210
DO 205 L=1,NVPN

IF(I.EQ.PN1(L).AND.J.EQ.PN2{(L).AND.K.EQ.PN3(L) .AND.PFLAG(L).EQ. 1)
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&G0 TO 295

Ce#x% THIS ODD PLANE NODE HAS A SPECIFIED VALUE
205 CONTINUE

210 P(I.JK)=1.0/E(I,JKIR(OAS(I,JK)-TZ(I,J-KI*P(I,.J,K-1)~

& TY(I,JKI®P(I,J=1K)~
% TX(I»Ja )P (I-1,Jd-K)—
& TX(I+1,JKY#P(I+1,J,K)~
& TY(Ii'J”'ivK)*P(I,J""l’K)"
% TZ(I,J:K+1)#P(1,J,K+1))
GO TO 300
295 P{I,J,K)=PV(L)
c
300 CONTINUE
RETURN e e wae
END

SUBROUTINE GRDRD(IM,II,. J,KK,JJ1,KK1,LX,LY,LZ,DX,0DY,0Z,DY1,HZ,KRAD
%, STHETA)

INTEGER#2 HEADIN(40)
REAL#4 LX,LY,LZ
DIMENSION DX(1),DY(1),DZ(1),DY1(1),HZ(IM> 1)
READ(S, 69) HEADIN
READ(S, 1 )LX.LY,LZ,KLX,KLY,KLZ
READ(S,52)I1,JJd,KK.FKRAD, JJ1,KK1
C#### USE KRAD = 1 FOR RADIAL SYSTEM % KRAD = 2 FOR POLAR SYSTEM
WRITE(6,21)1I1,JJ,5KK . '
IF(KRAD.NE.O) IRMAX=I1+1
IF(KRAD.NE.O)YWRITE (4, 222)
IF(KLX.NE.O)YGO TO 100
DO 925 I=1,1II
95 DXC(I)=LX/DFLOAT(II)
GO TO 105
100 READ(S,3)(I,DX(I),K=1,11)
IF(KRAD. NE.Q)REAL(S, 31 ) DX (IRMAX)
LX=0.0
DO 106 I=1,11I
IF(KRAD.NE.O)LX=LX+(DX(I+1)-DX(I))
IF(KRAD.NE.O)GO TO 104
LX=LX+DX(1I)
106 CONTINUE
IF(KRAD.NE.Q)WRITE(4,220) (I,0X(I),I=1, IRMAX)
105 IF(KRAD.EQ.O)WRITE(6,22)(1,DX(I),I=1,11)
IF(KLY.NE.O)GO TO 115
C#### IF RADIAL COORDINATES ARE TO BE USED SET JJ = 1, KLY =1
Cide AND READ DY(1) = 340.0
C###+ FOR A POLAR SYSTEM SET KLY = 1 AND READ EACH DY(J) IN
Caeie DEGREES BEING CERTAIN THAT SUM OF DY’S DOES NOT EXCEED 360.
DO 110 J=1,JdJ
110 DY(J)=LY/DFLOAT (JJ)

\
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GO TO 120 :
READ(S,3) (J, DY) »K=1,UdJ)

LY=0.0

0o 122 J=1,JJ

LY=LY+DY(J)

IF (KRAD.EQ.2IWRITE(&,230) (J>DY(J) s Jd=1,Jdd)
IF (KRAD.EQ.2)GO TO 121

IF(JJ1.EQ.0) WRITE(6.23)(JDY(D)>Jd=1.J0)
IF(KLZ.NE.O)GD TO 130

BO 125 K=1,KK

M7 Yl 7/
DZ{KY=LZ/DFLOAT(KK)

GO TO 135S ,
READ(S»3) (K> DZ(K),L=1,Ki)

LZ=0.0

DO 137 K=1.KK

LZ=L Z+DZ(K)

IF(KK1.EQ.0) WRITE(&,24) (K,DZ(K),K=1,KK)
IF (KRAD.EQ. O)WRITE(6,51)LX.LY,LZ

IF (KRAD.NE. O)WRITE(6,510)DX (1), DX ( IRMAX) ,LX,LZ
STHETA=0.0

DO 520 J=1,JJ

STHETA = STHETA+DY (M)

IF(JJ1.EG. 0. ANDLKKL1.E®. Q) GO TO 999

IF(JJ.EG. 1. AND. JJ1.NE.O) WRITE(6,112)
IF(JJ.EG. 1.AND. JJ1.NE. Q) READ(S.3) (I.DY1{I),K=1,11)
IF(JJ.EQ. 1. AND. JJ1.NE. 0) WRITE(6,113) (I.DY1(I),I=1,1I1)

IF(JJ.GT.1.AND.KK.EQ. 1. ANDN.KK1.NE.O) GO TOQ 333
GO TO 999

WRITE(6,215)

J=Ud

READ(S5,12) (HZ{(I,.M)»I=1,11)
WRITE(6,116) (HZ(I,Jd)»I=1,1I)
J=J-1

IF(J.ER.0) RETURN

GO TO 3324

FORMAT(//TS, “X-DIRECTION BLOCKS HAVE VARYING WIDTH AS FOLLOWS-,
2/T15,717,8%,7DY1I(1)" /)

FORMAT(//TS, “TWO-DIMENSIONAL RESERVOIR-THICKNESS VARIEZS AS FOLLOWS”
%2 /)

FORMAT(I1S,F13.3)

FORMAT({10FE. 3

FORMAT{13F10.3)

FORMAT(3F10.0,2I3)

FORMAT(IS,F10.0)
FORMAT (40A2)
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FORMAT(161I3)

FORMAT(//T1S5, “DIMENSIONS OF RESERVCIR-=-LENGTH(FT) =7
&, F6.1/T41, “WIDTH(FT) =’,F6.1/T41, “THICKNESS(FT) =7,Fé.1/)
FORMAT(//T15, “DIMENSIONS OF POLAR SYSTEM(FT)—--——INNER RADIUS = 7,
¥13.6/7, TIiS,7 OUTER RADIUS = 7,
W13B.6/7, T TISH S DIFFERENCE = 7,
AF13.6/7- T1SH7 CYLINDER LENGTH = 7,
&F13.477)

FORMAT(T1S, “NUMBER OF NODES IN X-DIRECTION =7,13,/T13, “NUMBER OF”,

%~ NODES “»

%7 IN Y-DIRECTION =7,13/T15, “NUMBER OF NODES IN Z-DIRECTION =7,13//)
FORMAT(//T15, “GRID BLOCK SIZES IN X-DIRECTION“/(100(/I20,F17.3)))
FORMAT(//T15, “INNER & COUTER NODE RARII IN R-DIRECTION’,

&/7(100(/120,F17.5)))

FORMAT(/T1S, “POLAR CYLINDRICAL COORDINATES HAVE EEEN SELECTED”,

& ——HENCE X=DIRECTION IS R=DIRECTION & Y=DOIRECTION IS THETA’,

& DIRECTION”)

FORMAT(T1S, “GRID BLOCK SIZES IN Y-DIRECTION’/(100(/I20,F17.3)))
FORMAT(T1S, “THETA VALUES (IN DEGREES)“/(100(/120,F17.32})))
FORMAT(T1S, “GRID BLOCK SIZES IN Z-DIRECTION“/(100(/I20,F17.3)))
FORMAT(SX-F10.0)

CONT INUE

RETURN

END

SUBROUTINE IDXSMD(WKL,WK2Z,WKS, WKE, IM, M, KM, ITMM, JMM, KMM,
LNSPM. NTM)

INTEGER#*2 WK1(1)

INTEGER®#4 WK4(1)

REAL*4 WEZ2(1)

REAL #8 WEKI(1)

NFPR2Z=IM#JIM#kM

NPRI=IMMixJM#EKM

NPR4=IM#JIMMERKM

NPRS=1IM3*JM#EKMM

NPR&6=IM#.IM/2+1

NEP=NPR2/2+1

1I3F=1

IJSP=113SP+N3SPM

IKSP=1.J3P+NZPM

IPFLAG=IKEP+NSFM

IGNI=IPFLAG+NZFM

IAN2=IAN1+NSPM

IGN2=IGNZ+NEPM

IPN1=I10N3+NSPM

IFPN2=IPN1+NZSPM

IPN3=IPN2Z+NSPM

ITP=IPN3+NZPM

IIBK=IIP+NSPM

ISE=11BK+NFR2

IMEP=1SE+KM

I1IR1=IMEP+KM

IJR1=IIR1+NPR6&
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IIVa=IJR1+NPR&
IIVP=1IVQ+NSPM

IIR=1

IJR=IIR+NEP
IKR=IJR+NEP
IIC=IKR+NEP
IJC=IIC+NEP
IKC=I1JC+NEP

IPV=1
IDX=IPV+NSPM
IDY=IDX+IM
IDZ=IDY+JM
IKX=IDZ+KM
IKY=IKX+NPRZ
IKZ=IKY+NPR2
IPI=IKZ+NPRZ
IPWF=IPI+NSPM
IVIS=IPWF+NSFM
IDY1=IVIS+NPR2
IHZ=IDY1+IM
IBKLF=IHZ+IM#JM
IXWDa=IBKLF+NFR2
IXWDP=1XWDR+NSFM
ITIDQ=IXWDP+N3PM
ITIDP=ITIDQ+NSPM
IDUMG=ITIDP+NSPM
I1DUMP =L DLUMO+NSPM
IPBHE=IDUMP+N3PM
IPEHP=IPBHO+NIFM
IGWVE=IPEHP+NSPM
IGWVP=IQWVE+NIPM

ITP1=1
ITPZ2=1TP1+NZPFM
IQV=ITP2+NSPM
ITO1=IGV+NSPM
ITQ2=ITG1+NSPM
IGSP=1TQ2+NSPM
I1Q=IQSP+NSPM
IQS=IQ+NPR2
IGAMMA=IQS+NPR2
IP=1GAMMA+NFPR2
IE=IP+NPR2
ITX=IE+NPR2
ITY=ITX+NPR3
ITZ=ITY-+NFR4
IBG=1ITZ+NPRS
IAZ=IBG+NPR2
IBZ=1IAZ+IM
ICZ=1IBZ+IM
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IDI=ICZ+IM

IEZ=ID1+IM

IFZ=1EZ+IMM

IUZ=IFZ+IMM

IUM=IUZ+IM

IPHI=IUM+IM

IVP=IPHI+NPRZ

IPT1=IVP+NPR2

IVIS1=IPT1+NTM

IZT=IVIS1i+NTM

IPN=IZT+NTM

IZN=IPN+NPR2

IPG=IZN+NPR2 ‘

IEB=IPG+NPR2 )

IX=1BB+NEP

ICC=IX+NEP

IAA=ICC+NEP

CALL SUGRMD(WKI(IIVE),WKI(IIVP),
TWKIC(ISE) s WKLI(IMEP) > WKI(IIR1) WKL (IJRL),
LWKL(TIBK) S WKLI(IISP), WK1 (I.JSP) , WK1 (IKSP), WKL ( IPFLAG) . WK1 (IGNL),
WKL (IENZ) > WKL (IGNZ) » WKLI(IPNL) > WKL (IPN2), WK1 (IPNZ) . WK1(IIF),
RWKZ(IFVY > WKZOIDX) , WKZ2(IDY) . WK2(IDZ),
LWEZ CIXWDER) > WKZ{IXWDP) » WK2(ITIDG) » WK2(ITIDP) » WK2( IDUMR) » WEZ(IDUMP) ,
LWKZ(IPBHA) , WKZ(IPBHF) » WK2( IOWVR) » WKZ( IQWVF) ,
PUWKZC(IFHD) s WKS(IVP) s WK2(IKX) » WKZ2(IKY) » WKZ(IKZ)
SWKZ2(IKX) » WKZ(OIKY) » WKZ2C(IKZ) , WK2(IPI)» WK2(IPWF) , WK2(IVIS)»WKZ(IDY1)
LWKZ2CIHZ) > WK2CIBKLF) , WK3(IR) » WKI(IRS) - WKI(IP) , WKI(IEBG)» ‘
HWKS(IE) , WKS(IGAMMA) , WK3(ITX) s WKI(ITY)» WKI(ITZ) . WKI(TQV) , WKS(ITEL),
LWE2(ITE2) > UKS(ITPL) , WKZ(ITFZ2) , WKI(IQASP)

LAWK C(IAZ) S WES(IBZ) WK (ICZ)H, WK3(ID1) » WK3(IEZ) » WKZ(IFZ), W2 (IUZ),
FWEICIUM) H WEZ(IPTL) » WKZC(IVIS) L WKES(IZT)
LWKICIPND L WEI(IZN) , WKS(IPG),
LWKS(IBR) » WKI(IX)»WKI(ICT) -WKI(IAAR),
LWKA(TIR) > WKA(IJR) »WKA(IKR) »WKA(IIC),WKA(TJIC) » WKA(IKL),
HIM, M5 KM, ITMM, MM, KMM, NSPEM, NTM)

RETURN

END

SUBROUTINE ORLDER(IMAX,JMAX,KMAX,SE,MEP, IR, JR, IRR,; JRR: KRR)

INTEGER*#2 SE(1),.MEP(1), IR(1),JR(1)

INTEGER#4 IRR(1).,JRR(1),KRR(1)

c

Ca#####MINIMUM DIMENSIONS ARE AS FOLLOWS:

c SE ¥ MEP KMAX

c IR ¥ JR ———=r—oememm IMAX#JIMAX/2 + 1
c IRR % JRR & KRR—==—-— IMAX*JIMAX#KMAX /2
c

C###%3E (K)=NUMBER OF EVEN PLANE BLOCKS FOR LAYER K
C#st#x#MEP (K)=MAXIMUM PLANE NUMEER IN LAYER K
c

MK=0

DO 50 K=1,KMAX

SE(K)=0
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NS=IMAX+JIMAX+K
NA=MOD (N3, 2)
IF(NA.EQ.OIMEP(K)=NS
IF(NA.EQ.1)IMEP(K)=N3-1
J=JMAX
S DO 10 I=1,IMAX
NSUM=I+J+K
Ca###%CHECK FOR EVEN PLANE
IF(MOD(NSUM, 2).EQ.1)G02 TO 10
SE(K)=SE(K)+1
IR(SE(K))=1
JRESE(K) ) =Jd
10 CONTINLUE
=J-1
IF(J.GT.0)GO TO S
Cc
Cex###NOW REORDER EVEN PLANE BLOCKS IN LAYER K ACCORDING TO
Cc INCREASING PLANES & INCREASING I IN EACH PLANE
C
LL=3SE(K)
MM=MEP (K)
DO 30 M=4,.MM.Z
00 20 L=1,LL
NSUM=IR(L)+JR(L)+K
IF(NSUM.NE.M)GO TO 30
MK=MK+1
IRR(MK)=IR(L)
JRROMK) =JR(L)
KRR(MK) =K
4] CONTINUE
O CONTINUE
RETURN
END
SUBROUTINE PARM(II,J .t KK, PHI.KX,KY,KZ, IM,JM)
INTEGER#2Z HEADIN(40)
REAL#4 KXC,KYC,KZC,KX(IM, M, 1),KY(IM,dM, 1)-,KZ(IM,. M5 1)
REAL#*S PHIC(IM, M, 1)
READ(S, 69) HEADIN
READ(S» 8)PHIC, KX, KYCs KZC» NUMP » NUMKX 2 NUMKY > NUMKZ » KFH» KEX 2 KKY, KKZ
WRITE(6,56)
IF(KPH.NE.Q)GO TQ 145
DO 140 K=1,KK
Do 140 Jd=1.Jd
DO 140 I=1,1I
140 PHI(I,J,K)=PHIC
WRITE(6,26)PHIC

W

IF(NUMP.EQ.0)GD TO 165
WRITE(&,27)PHIC

DO 240 L=1,NUMP
READ(S,71)1,J,K,PHI(I,J,K)
WRITE(6,32)1,J,K,FHI(I,J:K)
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240 CONTINUE
GO TO 145
145 WRITE(&,39)
Do 160 K=1,kKK
WRITE(&,38)K
=JJ
155 READ(S,44) (FHI(I, LK), I=1,11)
WRITE(6,72){PHI(I.U,K),I=1,1I1)
J=J-1
IF(J.EG.0)GO TO 160
GO TG 155
1460 CONTINUE
165 CONTINUE

WRITE(&>56)
c
Cr###+ESTARBLISH PERMEABILITY (KX) DISTRIBUTION
c

IF(KKX.NE.Q)GO TG 1320
DO 175 K=1,EKK
Do 17s Jd=1,.1J
Do 175 I1=1,11
175 KX(IL,.J,KY=KXZ
WRITE(L,22)KXC
IF{NUMKX.EQ.0)GD TO 195
WRITE(6,31)KXC
DO 273 L=1.NUIMKX
READ(S, 71) 1, J- K KX(I,.d,K)
: WRITE(L,32)1,Js kK, KX{(I,Jd,K)
275 CONTINUE
GO TO 195
120 WRITE(ALH.472)
00 120 K=1,KK
WRITE(4,283)K
J=JJ
1585 READ(S,44) (EX(1,J,K),.I=1,11)
WRITE(&,72)(KX(I1,J4,K)»I=1,1I1)
l.|='J_1
IF(J.EQ.OYGD TO 120
GO TO 185
190 CONTINUE
1935 CONTINUE
WRITE(6,56)
Cc
Co####+ESTABLISH PERMEABILITY (KY) DISTRIBUTION
c
IF(KKY.NE.Q)GO TQ 205
DO 200 K=1,KK
Do 200 Jd=1,JJ
Do 200 I=1,11
200 KY{I,Jd,KI=KYC
WRITE(6,33)KYC
IF(NUMKY.EQ.Q)GO TO 220
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WRITE(6,34)KYC

DO 300 L=1,NUMKY

READ(S,71)I,Jd,KLKY(I,.0K)

WRITE(6-22)I,J,K,KY(I,J>K)
200 CONTINUE

GO TO 220
205 WRITE(6,47)
00 215 K=1,KK
WRITE(4.32)K
J=JJ
210 READ(S,44) (KY(I,J,K)»I=1,11)
WRITE(L,72)(KY(I,1K)»I=1,1I1)
J=J-1
IF(J.E®.0)GO TO 215
GO TO 210
215 CONTINUE
220 CONTINUE
WRITE(6,56)
c
Co#w##ESTABLISH PERMEARILITY (KZ) DISTRIBUTICON
C
IF(KKZ.NE.O)GO TO 230 )
DO 225 K=1,KK
DO 225 J=1,JJ
DO 225 I=1,1I
225 KZ(I,Jd,K)=KZIC
WRITE(&,26)IKZC
IF(NUMKZ.EQ.0)GD TO 24S
WRITE(&,37)KZIC
DO 225 L=1,NJIMKZ
READ(S, 7101, 1, K- KZ(I,J:K)
WRITE(AH,32) 1, 0K KZ(I,Jd5K)
325 CONTINUE
Ga TO 245
230 WRITE(6,48)
DO 2401 K=1,KK
WRITE(4,38)K
J=JJ
235 READ(S5,44)(KZ(1,J,K),I=1,11)
WRITE(6,72)(KZ(I,J>K)»I=1,11)
J=J-1
IF(J.EG.0)GO TGO 2401
G0 TO 235
2401 CONTINUE
245 CONTINUE
69 FORMAT (40A2)
56 FORMAT(//)

71 FORMAT(2IS,F10.0)
72 FORMAT(13E10.3)
4 FORMAT(4F10.0,31I3%)

26 FORMAT(T15, "POROSITY (PHI) IS INITIALLY SET AT ,FE&.3,7 FOR ALL”.

72



[ (]
- 0

W
WN

37

zg
39
4z

44
a7

10
Cc

Science Applications, Inc.
July 31, 1980

%’ NODES”“//)

FORMAT(T1S, “NODES AT WHICH PHI IS TO BRE OTHER THAN’,.F&.35,
%” ARE AZ FOLLOWS”/)

FORMAT(TLS, "PERMEABILITY (KX) IS INITIALLY",

&7 SET AT’.F16.9/7)

FORMAT(T1S, “NODES AT WHICH KX IS TO BE OTHER THAN’.F16.9,
& ARE AS FOLLOWS”/)

FORMAT (15X, 3215,5X,F20.10)

FORMAT(T1S, “PERMEABILITY (KY) IS INITIALLY”,

&” SET AT’ »F16.9/7)

FORMAT(T1S, “NODES AT WHICH KY IS TO BE OTHER THAN’,F146.9,
% ARE AS FOLLOWS‘/)

FORMAT(T1S, “PERMEABILITY (KZ) IS INITIALLY”,

%’ SET AT’ »F16.%9//)

FORMAT(T1S, “NODES AT WHICH KZ I35 TO BE OTHER THAN’,F16.9.
%” ARE AS FOLLOWS’/)

FORMAT(/1X, "K =,12/)

FORMAT(//T1S, " ###s%#%%#POROSITY DISTRIBUTION FOLLOWSt#ssstssssn’ /)

FORMAT{(//T1S, “ ##seeenwesPERMEARILITY (KX) DISTRIBUTION####ssiss’
&/)

-~ FORMAT(10F8.5)

FORMAT(//T1S, “##tesrrtx2PERMEABILITY (KY) DISTRIBUTION##t&skaesies’
/)

FORMAT(//T1S, “###saaaestPERMEARILITY (KZ) DISTRIBUTIONdt#ewtttitst”
/)

RETURN

END

SUBROUTINE PRTSMDC(II.JdJ.KE, IM,JdM,N,DELT, TOTPRD, CZUMINJ, CUMOSP,
%P, CUMPRD.MCFINTFTs IF. NN, KT, MCFCAL, PN, MBE, MCFACT
&TGAS,>NSC, IMBE,EXTINJ, EXTPRD, TEXPRD, CEXPRD, FGR, INJN, DSF)

INTEGER#2 IP(1) .

REAL#8 P(IM,JM, 1), TOTPRD, MCFCAL,MCFACT, CUMFRD, MCFINT, MBE
%, FT,HOUR, DELT, CUMINJ, CUMDSF, INJN, DSF,NSC, IMBE

2, TGAS,PN(IM> JM> 1)-EXTINI, EXTPRD, TEXFRD. CEXPRD, FGR

Al

IF(N.NE.1.AND.N.NE.NN.AND.N.NE.KT)GO TO 10
HOUR=FT#24.
CONTINUE

C#x###WRITE NEW PRESSURE DISTRIBUTION

[
2002

z011

IF(N.EQ.1.0R.N.EG.NN.OR.N.EQ.KT)
LWRITE(6,132) N,DELT,FT,HOUR,NSC, TOTFRD, IMEE,
LTEXPRD, INJN, RSP,

&CEXPRD. CUMINJ, CUMDOSP

WRITE(6,15) EXTINJ, EXTPRD, TEXPRD, CEXPRD,

%TEAS, FGR, TOTPRD, CUMPRD, MCFACT , MCFCAL . MBE

IF(N.NE. 1.AND.N.NE.NN. ANIt. N.NE. KT)RETURN
WRITE(&,9022)
D0 201 K=1,KK
WRITE{(6,38)K
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Jd=JdJd
WRITE(4,1115)(P(I,J-K)»I=1,11)
=J-1

IF(J.EQ.O)GT TO 201

GO TQ 90&

CONTINUE

WRITE(6, 70%3)

DO 90 K=1,KK

WRITE(6,3C8)K

J=JdJ

DO 2050 I=1,1I

IF(P(I,JK).GE.PN(I.JK))IP(I)I=P(I,J, K)=-PN(I,J>K)+0.5
IF(P(I- oK) LLT.PNCIL K IPC(I)=P (I, J. K)=PN(I-J>K)=0Q. 3
CONTINUE

WRITE(&,14)(IP(I),»I=1,11)

WRITE(6,1114)

=J-1

IF(J.EQ.Q)G30 TO %0

GO TO 35

CONTINUE

WRITE(6,90%4)

FORMAT(///T1S, “NUMBER OF TIME-STEPS COMPLETED = 7,13/
b T15,“31ZE OF TIME STEP =
& T15, “TOTAL ELAPSED TIME =
23X, 7= “LEL1G.6,7 HOURS” .,/ -
% T15, “SYSTEM CHANGE THIS STEP =/,F14.3,"
b T15, 7SYSTEM QUTPUT THIS STEF =",F14.3,"
% T15, “INCREMENTAL ERROR THIS STEF =7,F14.3,"
% T1S, “NET WELL FRODUCTION THIS STEF =7,F14.3,"7
% T1S5, “NET INJECTION FROM MATRIX =“,F14.3:"°
& T1S, “NET DESORPTION INTO MATRIX =",F14.3,>"
% T1S, “CUMULATIVE WELL PRODUCTION =",F14.3,"
2 T1S, “CUMULATIVE IMNJECTION FROM MATRIX =7,F14.3.~7
& TiS, "CUMULATIVE DESORFPTICN =’,F14.35"
FORMAT(//-T1S, “WELL INJECTION THIS STEP ="5F14.3,7
b Ti3, “WELL PRODUCTION THIS STEP =",F14.3,"7
% T15, “"NET WELL PRODUCTION THIS STEF =’,F14.3,"
& T1S, 7CUMULATIVE NET WELL PRODUCTICON =",F14.3,"
% T15, “TOUTAL INITIAL GAS IN PLACE =/,F14.0,°
& T1S, “FRACTIONAL RESOURCE RECOVERY =7L.F14.6,7
b4 T1S, “NET SYSTEM PRODUCTION THIS STEP =,F14.3,"“
% T1S, 7CUMULATIVE NET PRODUCTION =,F14.3,"
2 T1iS, “ACTUAL FRACTURE GAS REMAINING =’,F14.0,"”
% T1S, “CALCLULATED FRACTURE GAS REMAINING =7,F14.0,7
% T1S5, “CUM. MAT. BAL. ERRCOR (FRACTURES) =7,Fi4.6&,7

FORMAT(SX,201I%5)

FORMAT(" )

FORMAT(/(SX, 1&6F35.0))

FORMAT (/1X, “K =7,12/)

FORMAT (//T2S, “NEW RESERVUOIR PRESSURE DISTRIBUTION FOLLOWES”)
FORMAT(//T25, “NEW RESERVOIR DELTA-PREZIURE DISTRIBUTIONA,
27 FOLLOWS")

74

“»F14.6.SH DAYS/
“.Fl14.6,3H DAYS,

MCF~/
MCF "/
MCF- /7
MCF7/
MCF~/
MCF“//
MCF 7/
MCF/
MCF7)
MCF </
MCF“/
MCF~7/
MCFE“//
MCF-/
YAV
MCF“/,
MCF“/,
MCF-/»
MCF7/,
%t//)



i

Science Applicafons, .nc.
July 31, 1980

9094 FORMAT(///)

yNoNvNy Ny

10

89
20
11

RETURN

END

SUBROUTINE LSOR (NX.NY,NZ,NXM,NYM, NXMM, NYMM, TX- TY.TZ.E,» @5,
&OMEGA, TOL, TOLL . NITER-MITER. DELT, DELTO.P,PN.UM,AZ.BRZ,CZ.DZ-.EZ.FZ,UZ

2, NVPN, TP1, TPZ, PN1, PN2, PN3, FV, PFLAG,FT, IBK, KRAD, STHETA, KT, NSTEP,
&KPRT)

IMPLICIT REAL#2 (A-H,O0-Z)

THIS PROGRAM SOLVES A LINEAR SYSTEM OF THREE-DIMENSIONAL FINITE-
DIFFERENCE EQUATIONS ARISING FROM FLUID FLOW IN POROUS MEDIA, HEAT
CONDUCTION IN SOLIDS. OR DIFFUSION.

INTEGER*“ PFLAG(1), IBK{NXM,NYM,1),.PN1(1),
EPN2(1),PN2(1)

REAL#4 PV(1),STHETA

DIMENSION TX(NXMM,NYM, 1), TY(NXM,NYMM, 1), TZ(NXM,NYM,. 1),
HE (NXM>NYMs 1), GE(NXM, NYM> 1) . PONXM, NYM, 1), UM(1)

%>AZ(1).BZ(1).CZ(1),DZ(1)HLEZ(L)-FZ(1)>UZ(1)»TR1(1),TPZ(1)
%, PN(NXM, NYM, 1)

DIV=DELT/DELTO

NITER=0

DMAX=1.0

RHO1=0.0 .
THETA=0.0 \

DO 10 K=1,NZ
0O 10 J=1,NY
DO 10 I=1,NX
UoLD = PN(I.J,K)

P(I,JaE) = P{I,. ,K) + DIV % (FP(I,.Jd>kK) - LUGLD)
IF(NVPN.ER.OYGO TO 20
IFFP=0

DO &% J=1,NVPN

PFLAG(J)=0

IF(FT.LE.TPI(J) .OR.FT.GT.TP2(J))GO TO &%
P(PN1(J)-PNZ2(D),PNI(I) ISPV

PFLAG(J) =1

IPP=1

CONTINUE

CONTINUE

CONTINUE

TW = 1.0 - OMEGA

OMAXO=DMAX

THETAO=THETA
IF(NITER.GT.MITER)WRITE(4,30)INITER, TOL » DIMAX
IF(NITER.GT.MITER)RETURN

NITER = NITER +1

DMAX=0.0

IF(KRAD.EQ.Z.AND.ABS{STHETA-3&0.) . LE. L. E-2)GD TO 20T

75



Science Applications, .nc.
July 31, 1980

DO 20 K=1,NZ

DO 20 J=1.NY

DO 1S I=1,NX -
UM(TI) = P(I,Jd5EK)

IF(NVPN.EQ. 0.0R. IPP.EQ.O)GO TO 27

DO 240 L=1,NVFN

IF(I.NE.PN1(L).0OR.J.NE.PN2(L).0OR.K.NE.PN3(L).0R,. FFLAG(L) .NE. 1)
&GO TO 260

O

AZ(1)=0.0
BZ(I)=1.0
CZ(1)=0.0
BZ(I)y=PV(L)
G0 TO 1S
CONTINUE

o~
o

PNOOPN

~N

AZ{I) = TX(IsJd5K)

BZ(I)=E(I,J,5K)

CZ(I) = TX(I+l,Jd,K)

DZ(I)=RS(1,J.K) = TZ(I, HLEI#*F(I,J.K-1)-TY(I,J-K)*
SCP(Ii-_i-liK)- TY(Ivd"'l?"’i)*F‘(Iv'J‘bvi) - TZ(I?\.lvk‘."'l)*p(IsdsK'i"l)
CIONT INUE ) :

Ct =
]

CALL LTRI (NX,AZ.BZ,.CZ,.DOZ,EZ.FZ,UZ)

O

) 14 I=1,NX
GSLEOR=UZ(I)
PII.JdKE) = TW#lIM(I) + OMEGA#GSLIOR
OM=DABS(P(I, LK) ~ LWIM{I))
IF(ODM.GT.IMAX) DMAX = DM

& CONTINUE

0 CONTINUE
GO TO 30%

205 DO 200 K=1.NZ

0o 200 J=1,NY

DO 150 I=1.NX

UM(I) = P(I,Jd.K)

IF(NVPN.EG.Q.CR. IPP.EQ.O)GO TO 270

DO 2600 L=1,NVFN
IF(I.NE.PN1(L).OR.J.NE.FN2(L).OR.K.NE.PN2(L) . OR.PFLAG(L) . NE. 1)
&G0 TO 2600

[
AZ(1)=0.0
BZ(I)=1.0Q
CZ(I)=0.0
BZ(IYy=PV(L)
GO TO 150
2600 CONTINUE
C
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AZ(I) = TX(I,.4HK)

BZ(I)=E(I,J-K)

CZ(I) = TX(I+1,J,K)

IFCL.ER. HTYPLI=TY (I, LK)#P (I, NY,. )
IF(J.EQ.1)G0 TO 281

TYPL1=TY(I,J, K)#P(I,J=-1,K)
IF(J.EQ.NY)TYPZ2=TY(I,J+1,KI®*P(I,1,K)
IF(J.EQ.NY)GO TO 282
TYPZ2=TY(I,J+1,K)#¥P(I,J+1,K)
DZ(I)=QS(I,J-kK) - TZ(I,J-KI®#P(I,Jd,K-1)~ TYPi

& = TYP2 = TZ(I,JK+1)#P(I,d,K+1)
CONTINUE

CALL LTRI (NX»,AZ,BZ.CZ,DZ,EZ,FZ,UZ)

DO 140 I=1,NX
GELSOR=UZ(1) _
FCI,J.K) = TWelM(I) + OMEGA*GSLSOR

DM=DABS(F(I,J-K) — UM(I))

IF(DM.GT.DMAX) DMAX = DM

CONT INUE

ZONT INUE )

THETA=DMAX /DIMAXO

DELTA=THETA-THETAQ \
IF(DABS(DELTA).GT.TOL1)IGO TO 25

OM=CMEGA-1.0 '
RHO1=( THETA+OM) # ( THETA+0M) / ( THETA*OMEGA*IMEGA)
IF(RHO1.GE.1.0)GO TO 25

OMEGA=Z. 0/ (1. 0+DS0RT (1. 0-RHO1))

IF(DMAX.CT.TOLYGD TO 11
IF(NSTEP.NE.1 .AND. NESTEF.NE.KT) RETURN
IF(KPRT.NE. Q) WRITE(6,40)NITER,IMEGA, DMAX, THETA, RHOL
FORMAT (T3, “COMVERGENCE(LSOR) AFTER 7,13,
2 ITERATIONZ--OMEGA,DMAX, THETA,RHI1 ARE: “»4E13.6)

FORMAT(T1S, “CONVERGENCE(L3OR) WAS NOT REACHED IN 7,15,
%" ITERATIONS-/T1S,“TOL = “,F10.7,10X,“DMAX = “,F13.7)

RETURN
END

SUBROUTINE LTRI(N.AZ,BZ,CZ,DZ,EZ.FZ,UZ)
IMPLICIT REAL#3 (A-H.0-2)

THIS PROGRAM SOLVES THE TRIDIAGONAL SYSTEM
GENERATED BY THE SYSTEM OF N EQUATIONS

ACTI#*#P(I-1) + B(I)#U(I) + C(D)I#P(I+1) = D(I)
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C WITH A(L1)Y=C(N) = 0.0

-

DIMENSION AZ(1),BZ(1),CZ(1),.DZ(1),EZ(1),FZ(1),UZ(1)
BB=1./BZ(1)
EZ(2)=-CZ(1)*BB
FZ(2)= DZ(1)*BE
DO 10 I=2,N
FF=1./(AZ(I)*EZ(I)+BZ(1))
EZ(I+1)=-CZ(1)*FF -
10 FZ(I+1)=(DZ(I)-AZ(I)I#FZ(1) ) #FF
UZ(N)=FZ(N+1) '
K=N
NN=N-1
DO 20 I=1,NN
K=K-1
20 UZ(K)=EZ(K+1)#UZ(K+1) + FZ(K+1)
RETURN
END ‘ .
SUBROUTINE RVOL(RESVOL,KX,DY.DZ,VIS,KY.KZ,BG,KSOL,MITER, VP,
%P,PHI,DX, IBK,SM, S3CFINT.KT1,LT1, 11,Jd. KK, JJ1,KKL, IM, UM, KRAD,
LKPR, KBV, LT, KT, ISP, JEF, KSP, NSPN. NTM, KPU, KPU1, KPUZ, KSN, KS,
2 TMAX » OMEGA, TOL, TOL 1, DW, NN, CON,PT1,VIS1, 2T-.DY1.HZ, ERR.NTL,
LHERRM, ERRF . KPRT)
DIMENSICON HEADIN(4Q0)
INTEGER#2 ISP(1),JSP(1),KSP(1), IBK(IM, M, 1)
REAL#4 KX(IM,JM, 1), KY(IM>JIM> 1)L KZ(IM,JIM.1),
&DX(1).DY(1).DZ(1),VIS(IM,.0M>1),DYL1(1),-HZ(IM>1)
REAL#S P(IM,JM,1),0MEGA, TOL, TOLL, DW, RESVOL, SCFINT, SM, Bb(ImalM 1)
%> ERRF,PHI(IM. UM, 1),PT1(1),VIS1(1),ZT(1),C0ON>2Z2Z,VE,VP(IM,IM.1),FF
RESVOL=0,0
&M=0.0
DO 400 kK=1,FKK
Do 400 J=1,JJ
DO 400 I=1.11
C###4# NOTE THAT FOR POLAR COORDINATES:

C# (1) THE FORMULA FOR TX MUST BE MULTIPLIED BY THETA/Z&0.
C# (2) THE SAME FORMULA (AS FOR X,Y.Z) IS USED FOR TY & TZ
C# BUT DIFFERENT RELATIONSHIPS FOR AREA MUST BE USED.

IF(KRAD.NE. O)VIIL=3. 14159 (DX (I+1) ¥DX(I+1)-DX(I)#DX(I) ) #DZ (K)
& DY(J) * 2,777777D-03

IF(KRAD.NE. O)KY (I, J,KI)=KY{(I,J, K)#(DX(I+1)=-DX(I))#DZ(K)*.00632&
IF(KRAD.NE.O)KX(L.JK)=KX(I,Jd,K)#.,00L322E

IF(KRAD.NE.O)GQ TO 393

KX(I, o KY=(KX{I, L K)#DOY () #DZ (K) ) %,.006328
IF(JJ1.NE.O.AND. KK1.EG. OIKX (I, J, KI=KX(I,J-K)*DY1(I) /DY (D)
IF(JJL.EQ.O.AND. KK1 . NE.OYKEX(I+Jd.E)=KX (1, I K)#HZ(I,Jd)/DBZ(K)
KY(I,J,K)=(KY(I,Jy K)®DX(I)*DZ (K) ) #,00632%

IF(JJL.EQ.O.AND. KK1. NE. OYKY (I, J, KY=KY (I, J> K)#HZ (1, ) /DZ(K)
KZ(I,JdsK)=(KZ(I,JoK)#DX (I #DY (J) ) #, 006328

IF(JJ1.NE.O.AND. KK1.EG. O. AND. KK, GT. 1IKZ (I, J- K)=KZ(I,J, DI ®0Y1(1)/
DY (D)

VaL=DX(I)#DY (J) #DZ ()
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IF(JJ1.NE.O.AND.KK1.ER. Q) VOL=DX(I)#DY1 (1) #DZ(K)

IF(JI.ER.C.AND.KK1.NE. Q) VOL=DX(I1)=#DY(J)#HZ(I,J)
299 VP{I,JK) = PHI(I,Jd,K) # VOL

FPP=F(1,J,K)

CALL INTRPL(PT1,ZT.NT1,PF>Z2Z)

BG(I,»J,K)=CON®ZZ/F(1.J-K)

CALL INTRP1(PT1,VIS1,NT1,PF,VS3)

VIS(I,J,K}) = VS

IF(IBK(I,-J>K).EQ,.0Q0)GO TO 400

RESVOL=RESVOL+VP (1, J,K)

SM=SM+VP (1, J-K)/BG(I,J,K)
400 CONTINUE

WRITE(6,47)

DO 2401 K=1,KK

WRITE(46.38)K

=J.J
235 WRITE(6,72)(VP(I,J,K),I=1,1I1)

J=Jd-1

IF(J.EQ.0)GO TO 2401

G0 TO 238
2401 CONTINUE

WRITE(6.SO)YRESVIL

SCFINT=SM

+ READR(S,4%) HEADIN .

REALD( S, 12)YKT1,LT1, KPR, KSN, KBV
Ca#xxae#EVERY KT TH STEP NEW DISTRIBUTION WILL BE FRINTED
Cae###EVERY KT TH STEP VOLUME FACTOR DIST. WILL BE FRINTED IF KBV IS NQT ZER
]
Ca#####EVERY LT TH STEP NEW DISTRIEBUTION WILL BE FUNCHED IF KFUZ IS NOT ZERO
CaexesTRANSMISSIBILITIES WILL BE PRINTED FIRST & LAST STEF IF KFR IS NOT ZER
0

LT=LT1

KT=KT1

KS=kEN

READ(S, 49) HEADIN

READ(S,32)INSPN

IF(NSPN.EQ. OGO TO 2999

READ(S, S2)(ISP(D) , JSPC) L KIP(J) , J=1, NEPN)
Crax##VITAL STATISTICS AT SPECIAL NODES WILL BE FRINTED EVERY KSN“TH STEF
3977 LCONTINUE

READ(S, 6£9) HEADIN

READ(S, 2)KPU, KPUL ., KPUZ
Ca#s###F INAL DISTRIBUTION WILL BE PUNCHED IF KPU IS NOT ZEROD
Cux#u%SPECIAL NODE DATA WILL BE PUNCHED EVERY KSN“TH STEF IF KPUL IS NOT ZER
0

READ(S, 67) HEADIN

READ(S,13) KSOL.MITER,OMEGA, TOL,TOLL

.READ(S, 67) HEADIN

READ(S, 9072)NN, TMAX, ERR, ERRM, ERRF . KPRT

WRITE(&,S9)NN, TMAX. ERR, ERRM, ERRF, KT1,LT1, KFR, KEN, KRBV, KFRT
1z FORMAT(2IS,3F10.0)
59 FORMAT(//T15, "NUMBER OF TIME STEPS THIS RUN(NN) =7,13/
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&T1S, “MAXIMUM SIMULATION TIME.DAYS(TMAX) = “.Fil.&/
2T1S, "CYCLE TOL. FOR RES. PRES. (ERR) = “,F35.3/
%T1S, “CYCLE TOLERANCE FOR MATRIX(ERRM) = “,F5.3/
%T1S, "PRESSURE CONTINUITY TOLERANCE(ERRF)= “,Fé&.4/
%T1S, “SKIP PRINT PARAMETER(KT1) = 7,13/
&T15, “SKIF PUNCH PARAMETER(LT1) = 7,13/
%T1S, “TRANSMISSIBILITY COLRE(KPR). = 7,13/
%T15., “SPECIAL NODE CODE(KSN) = 7,13/
%T1S, “EXTRA PRINT CODE(KEV) = 7,13/

%T1S, “GENERAL CODE(KFRT) 75 13777)

Ceee@@ IF KPRT=0, THE FOLLOWING FRINTOUTS WILL NOT BE ORTAINED:

C  m—— MATRIX GAS CONTENT AT INITIAL PRESSURE IN EACH NODE
C  ——— NIUMBER OF ITERATIQONS TO CONVERGENCE IN LSUOR

c

2 FORMAT(3I1S.F15.7)

13 FORMAT(20IS)

52 FORMAT(ZIS)

&9 FORMAT(40AZ)

2092 FORMAT(IS,4F10.0,13)

3 FORMAT(/1X, K =",12/) .
47 * FORMAT(///T1S, “##sxpeerrr RESERVOIR GRID-BLOCK FORE VOLUMES” »
Rl R HFEFERERET/ )
S0 FORMAT(//T1S, "TOTAL RESERVOIR PORE VOLUME =7,FZ0.2/)
72 FORMAT(10(1X,E12.6))
RETURN
END

SUBRCOUTINE SOURCE(P,KX.KY>KZ,IM,JM: NVEN, GNL, QNZ, GNG,
LTR1, THZ, GV, NVPN, PN1, PNZ, PN3, TPL1, TP2Z, PV, PN, P, FWF, IF,
IVE, IVP, XWOGE, XWDP, TIDR, TIDRP)
IMPLICIT REAL%#Z (A-H,0-2)
INTEGER#2Z HEADIN(A0),aN1 (1), ENZ(1),GN3(1)-PNL1(L),FNZ(1),FNI(1),
LIFP(1),IVE(1),IVP(1)
DIMENSION F(IM.JM, 1), TP1(1),TP2(1),.6V(1).TR1(1),TE2(1)
3’.: PN( IM’ \.IM') 1)
REAL#4 EX(IM>JM,1),KY(IM,.M,1)
%4, XWDGE (1), XWDP (1), TID(1), TIODR(L)
8HKEZ(IM UM, 1),PV(L1),PI(1)FWF(L1)
REAL*2 M1,M2
c
c
Ce####ESTARLISH VARIABLE RATE % VARIABLE VALUE NODES
C
REALI(S, 69) HEADIN
READ(S, 2)NVEN
READ(S, &%) HEADIN
IF(NVEN.EG.O) GO TO 2001
WRITE(6,67)
DQ 2000 J=1,NVGEN
READ(S, 72)GN1 (1) AN2(D L ANS(D) .GV (D)L PILD - FWF (D, IF (D
2L IVEGH . XWDE(D) - TIDA(D)
READ(S,721)D1,H1,M1,5ECL, D2, H2, M2, SECZ
WRITECA,7O)ENL (D) AN2(D) > ENE (D), D1 - H1, M1, SECL, D2, HZ, M2, SECZ, GV (J)
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2 PICD)>PUHF G - IP(J) s IVEGD) » XWDIR(Y) . TIDROD
TEL1(J) = D1 + H1/24. + M1/1440., + SEC1/24400.
TE2(J4) = D2 + H2/724. + M2/1440. + SECZ/826400.
CONTINUE
CUNTINUE
READ(S, 69) HEADIN
READ (S, 2)NVPN
READ(S,46%) HEADIN
IF(NVPN.EQ.O)GO TQ 2010
WRITE(6,73)

WRITE(6,74)

D0 2005 J=1,NVPN

READ(S, 76)PN1(J) > PN2(J)-PNZ(J)-PV(L), IVP(J)» XWDP(J) » TIDP(J)
READ(S.721)D1,H1,M1,SEC1,D2,H2,M2,SEC2

WRITE(L, 73)PNLCL) »PN2(J)>PN3(J).D1,HL.M1,SECL,D2,H2, M2, SECZ,PV(J)

%> IVP(J) » XWDOP (D) > TIDP(J)

TP1¢(J) = D1 + H1/24. + M1/1440. + SEC1/86400.
TP2(J) = D2 + H2/24. + M2/1440. + SECZ2/86400.
IF(TPLI(UY . EQ.0.0) P(PN1(J)-PN2(J),PNI(.1)=FV (D)
IF(TPI(D .EG.0.0) PNI(PNI(W)PN2(J)»PNI (I )I=PV(D)
CONTINUE

CONTINUE

FORMAT(3IS.8F11.3)
FORMAT(40A2)
FORMAT(Z2IS.3F10.0,215,2F10.0)
FORMAT(3F10.0)
FORMAT(1X,.2I32,F10.2,3F5.1,35X,F10,2,3F5.1,F12.3,2X,E12.46,F10.3,
%12, IS, FE.0,F2.2)
FORMAT(//TS. "RESERVOIR CONTAINS THE FOLLOWING VARIABLE RATE”
%, 7 NODES" /.,
TS, "NADE TIME ON(DAY,HR,MIN,SEC) ,56X, "TIME OFF(DAY,HR.MIN",
%, SEC) RATE FI PWF IFP 1IVQ XWDG TIDg /)
FORMAT(//T5, "RESERVOIR CONTAINS THE FOLLOWING VARIABLE PRESSURE-
%, 7 NUODES"/)
FORMAT(TS, “NODE TIME ON(DAY,HR,MIN,SEC)“,3X,“TIME OFF-,
% (DAY, HR>MIN, SEC) PV IVP XWDP TIDP/)
FORMAT(Z21IS,.F10.0,15,2F10.0)
FORMAT (2X,2I14,F10.2,3F5.1,5X,F10.2,3F5.1,F12.3,1I5,F8.0,F8.3)
RETURN
END
SUBROUTINE SPECN(IM,JM. IMM,JMM, KPUL.NSPN, ISP, JSF,
LKSP, PPN VP, QSP, TX» TY-TZ-FT, DELT,, EXTINJ, EXTPRLI, TEXPRL,
LCEXFRD, PAVG, MBE)
INTEGER*2 ISP(1),JSP(1),.K3P(1)
REAL%*4 VP(IM, UM, 1)
REAL#8 P(IM>JUM, 1), TX(IMM- UM, 1), TY(IM, UMM, 1),
&TZ(IM,JIM, 1), MBE,FT,DELT, TEXPRD, CEXPRD. PAVG, QSF(1)
3(7 EXTIN\J'J EXTPRD'» PN( IM’ -.'Mv 1 )
WRITE(&,1117) FT,DELT.EXTINJ, EXTPRD. TEXPRD, CEXFRD, FAVG, MBE
WRITE(A,1118)(ISP(J)-JSP(J)KSF(A),PCISP(J),JESF(MN.KSP(L)),
LPN(ISP(J)»JSP(J)KSP(MN))-FT,QSP(J), CEXPRD, J=1,NSPN)
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IF(KPU1.EG.O)RETURN

WRITE(7,1119)
WRITE(7,1113)

FT,DELT,EXTINJ,EXTPRD, CEXPRD. PAVG
(ISP(J)» ISP (J)LKSP(J) - P{ISP(J),JSP(),KIF(J)),

IPN(ISP(J) . JSP (D), KEP (1)), FT,ASP(J), CEXPRD J=1, NSFN)

[, e

&

WRITE(6,354)

FORMAT(1X,4F2%.12)

FORMAT (2X, 213

»2FE.2,3E15.6)

FORMAT(F12.6,F13.7,2F13.3,F146.3,F13.3)
FORMAT(313,2F8.1,3E135.6)

FORMAT(//)
RETURN
END

SUBROUTINE STOR (IM».M,KM,NSPM,NTM)

Caxw%% PROGRAM FOR CALCULATING MINIMUM DIMENSIONS OF WORKING ARRAYS FOR
Ca#exs# GAS3D
INTEGER*#4 TBYTES,TK

WRITE(6,1)

FORMAT(//T15, 7

FORMAT(T1S, 16

M M KM NSPM NTM7)
I3

WRITE(&,5)IM, UM, KM, NSPM, NTM

IMM=IM+1
JMM=JM+1
KMM=KM+1

IMMA=IMM=IMxkM
JMMA=I M IMMekM
EMMA=IM#IMEKMM

IJKM= T M+ IM#KM
I0D=IM#JM/2+1

NEP=IM#IM#KM/2+1 *

NME=NEP# (NEP+

1)ys/2

I204=4%# (KM+I0OD)

14D4=24%#NEPF
IRSD4=24=NEF+

ZENME

NIZ2=NSPM#2&+TJEMR2

NIZ=NIZ2+IZzD4
NI4=I4D4
NRA=NSPM#32 +
NRS=NSPM#4S +
+ 24%#NTM

NRS=NR3+IR2D4
TBYTES=NIZ+NR
TK=TBYTES/102

TJEKM#20 + (IM+JIM+KM)#4 + IM#IM#4 + IM=4
IJKM#32 + (IMMA + JMMA + KMMA)#8 + IM#48 + IMM*1é

4+NRES+NI4
4

WRITE(4.3)TBYTES, TK
3 FORMAT(//T1S, THESE DIMENSIONS REGQUIRE 7,19, BYTES OR 7,15,
2’K FOR ARRAY STORAGE"/)

NIZ2=.S#NI2

NI4=,25#NI4
NR4=.25#NR4
NR3=. 125#NRS
WRITE(6,4)NI2

»NR4,NRS,NI4

4 FORMAT(//T1S, WK1 MUST BE DIMENSIONED AT LEAST 7.,I%/T1S,

2

“WKZ MUST BE DIMENSIONED AT LEAST ISIQ/Tldv
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¥ “WK3 MUST BE DIMENSIONED AT LEAST /,I9/T1S,
% “WK4 MUST BE DIMENSIONED AT LEAST “,1%9/)

IWI2=0.5S*I12D4-1
IWI4=0.25%#1404-1
IWRS=0.125#IR3D4-1
WRITE(&,7)IWI4, IWRS

7 FORMAT(///T1S, “WHEN NOT USING D4SM YOU MAY SUBTRACT /T1S.
% I9,7 WORDS FROM WK4 AND/T15.
& 19,7 WORDS FROM WK37//)
C
C THE FOLLOWING ARRAYS MUST BE DIMENSIONED FOR GAS=D
Cc
C DIMENZION ARRAY NAMEZ SIZE(BYTES/DIMENSION)
C
c N3IPM ISP.JSP,.KSP, IP, 13 # 2 = 26
c PFLAG, QN1,GQNZ,
C N3, PN1,PN2, PN3,
Z Ve, IVP
C
c N3FPM PV.PI,PWF, 13 # 4 = G2
c AWD&, XWDP, TIDQ,
c - TIDP, UM, DUMP,
C PRBHG ., PBHP,
C QAVWEGE, GVWP
l: \ ©
c NSPM . TR1,.TPZ,QV, TG1,
Cc Taz, QspP 6 ¥ 8 = 42
c
Cc NTM PT1, VIZi, ZT7T 3 & = 24
C
C KM SE.MEP 2 ¥ 2= 4
C
& CONTINUE
C
C .
C IM IMatkM IBK 1 # 2= 2
C IMe Mk M KX=A1,KY=AZ, S # 4 = 20
c KZ=AZ, VIS, BKLF
C
C IM Dvy1 1 # 4 =4
c IMedM ' HZ 1 # 4 =4
C
C
C IM#EJIM=EM R PHE 11 # 3 = 88
C B, Q3. GAMMA
o PHI,VF.PN, ZIN,PG
&0 CONTINUE
C
C IQD IR1,JR1 2% 2 =4
S
C NEP IR, JRKR, & ® 4 = 24
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I1C,JdC,KC
NEP BBE, X, CCC 3 % 3 = 24
NME AAA 1 =8 =8
IMMeJM=*KM TX 1 # 8 =28
IMaeIMM#KM TY 1 #8 =28
IM#EIM#KMM TZ 1 # 3 =28
IM AZ,BZ2,CZ,DZ, & # B = 43
uz.uMm
IMM . EZ.FZ 2 ®» 8 = 1¢&
RETURN
END

SUBROUTINE SYMM(N,NME,A.B,X,C)
IMPLICIT REAL*8 (A-H,0-2)
REAL%#3 A(1),.B(1),X(1).M,C(1)

Catsbde 3

Caa e8¢
D384 346 3%
Catdese %
1343t 3%
Tt
(g 2 2T
(22" 220
D336t 36 4%
O s
Caedtde 46

st 2 22
C#denn
Cae ettt
1D k336 3¢
(e T2 23
3 04638
Cide i se3e
(X220 3
Ciesedesest
(a2 282
Ciedede3ee
i3
ket de st
Ceaedeande
Ciesedesede
Ciestet
C#3edestee
Caede %46
Ciedede3e3e

PROGRAM FOR SOLVING N LINEAR EQUATIONS IN N UNENCWNS
WITH SYMMETRIC COEFFICIENT MATRIX
NME=NUMBER OF MATRIX ELEMENTS(=N#(N+1)/2)
A=COEFFICIENT MATRIX STORED IN COLUMN VECTOR
FORM AS SHOWN BELOW

ACL) Al2) Al4) - - -

A(3) A(S) - - =~
AlL) = - =

E=RIGHT HAND SIDE VECTOR
=Z0LUTION VECTOR UPON RETURN TO CALLING PROGRAM
C=WORKING ARRAY OF DIMENZION N
PIVOTAL EQUATION IS DENOTED BY "IFEY
II=INDEX OF FIRST ELEMENT IN PIVOTAL ERUATICON=
IPE®#(IPE+1)/2
=MULTIPLIER FOR KTH EQUATION=A(MM)/A(II)
WHERE MM=E(K+1)/2 - K + IFE
INDEX OF FIRST ELEMENT IN KTH EQUATION IS
KK=K(k+1)/2
OTHER INDICES MAY BE CALCULATED FROM
KK=KK+K
KK=KK+(K+1)
K=K+ (K+2)

CORRESPONDING ELEMENTS IN FIVOTAL EQUATION
ARE GIVEN BY LL=KK-K+IPE

N1=N-1

DO 20 IPE=1,N1

IF=IPE+1

84



10

20
30
C

Science Applications,
July 31, 1980

II=(IPE#(IPE+1))/2

DO 20 K=IF,N

KOUNT=-1

KE=(K#(K+1))/2

MM=KK-K+IFE

M=A(MM) /ACID)
IF(DABS(M).LE.1.D-9)G0 TOQ 20
B(K)=B(K)~-M#B(IFE)
A{KK)=A(KK)~-M#A (MM)
IF(KK.EQ.NME)GO TO 30
KOUNT=KOUNT+1

KE=KK+ (K+KQUNT)
LL=KK~-K+IPE

A(KK)=A(KK) -M*A(LL)
IF(KOUNT.E&. (N-K=1))G0 TO .
GO TO 10

CONTINUE

CONTINUE

[
[e)

G #BACK SUBSTITUTE TO GET SOLUTION

c
40

70

S0

e

E=N

X (K)=B(K)/A{NME)
K=K~-1

IF(K.EQ.0)GU TO 100
CALL CKKTIA,C,>K,N)
SUB=0.0
J=K+1
DO 20 I=J,.N
SUB=SUB+C(I)#X (1)
XCE)=(B(K)=-SUR) /C(K)
&3 TO 70

RETURN

END

SUBROUTINE CKE(A,C-K,N)
REAL#3 ACL1),C(1)
KE=(K*(K+1))/2
CE)=A(KEK)
IF(K.EG.N)RETURN
KOUNT=-1

J=K+1

0o SO I=J.N
KOUNT=KOUNT+1
KK=KK+{ K+KOUNT)
C{I)=A(KEK)
RETURN
END

SUBROUTINE TITLEZ2
WRITE(6,1)

FORMAT (1H1, /774 15X, * ##essnsnsess SUGAR-MO ——— A GENERAL PURPOSE’,
%’ FRACTURED GAS RESERVOIR SIMULATOR  #sissssssss’/)
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WRITE(6,20)
z0 FORMAT(//T20, " ——=—————— RESERVOIR AND GAS PROFPERTIES FOLLOW —-—7,
Y m—————r //777)
RETURN
END
SUBROUTINE TRANSZ(II,JdJ,KK,IM,JIM.TX-TY.TZ-A1,AZ,AZ,DX,DY,DZ,
B, IBK, IBKODE, IMM, UMM, V, KRAL, STHETA)
INTEGER#2 IBK(IM,JUM> 1)
REAL#*S TX(IMM, UM, 1), TYC(IM, UMM 1) TZ(IM, UM, 1)-,B(IM,JIM-1)
REAL#4 A1(IM>JM,1).AZ(IM>JM,1)-.A3C(IM, UM, 1),DX(1),DY¥Y(1)-DZ(1)
%V(IM>,JM- 1)
IF(KRALD.NE.Q)GO TQ 600
IF(II.ER.1)GO TQ S01
DO S0 K=1,KK
DO S0 J=1,.J4d
Do S0 I=2,11
TX(I.JE)=AL1(I=1, 0, K)#A1 (I, > K) /(DX (I=1)#AL (I, K) #V(I-1,J,K)
Q+DX (D) VT, J KD #AL (I=1,0,K)) #(1.0/B(I-1:J-K)+1.0/B(I,J>K))
IF(IBKODE.EQ.O)GZ TO SO
IF(IBK(I,. LK) . EQ.0.OR. IBK(I-1,J,K) . EQ. Q) TX(I, J,K)=0.0
SO CONT INUE
301 CONTINUE
IF(JA.EQ.1)GO TO 51
DO S5 K=1,KK
Do S5 4=z, Jdd
Do S5 I=1,11
CTY(ILJaK)=A2(I,Jd=1,K)#AZ(I, U E) /(DY (J=1) &V (I, J=-1,K)#AZ(I, J. K)
LADY (D #V(T, LK) #AZ(I, J=1,K)) # (1./B(I1,J-1,K)+1./B(I1,J,kK))
IF(IBKOQDE.EG.Q0)GO TO S5
IF(IBK(I,JoK) . EQ. 0. OR.IBK (I, J=1,K).EQ.O)TY(I, 1L K)=0.0
55 CIONT INUE
551 CONTINUE
IF(KK.EG.1)GO TO &%
00 &0 K=2,KFK
DO 60 Jd=1,Jd
DO &0 I=1,1II .
TZ(I.HLKI=ZAZ(I, JoK=1)#AZ( 1, J>K) /(DZ(K=1)#V (I, J, K=1)#A3 (I, J, K)
+DZ(KI#V (I, L KIRAZ(I,Jdok=1)) # (1./B(I,Jd.K-1)+1./B(I.d,K))
IF(IBKODE.E@.Q)GQ TOQ 40
IF(IBE(I,JoK)EQ.Q.OR.IBK(I,JK-1).EQ.O)TZ(I,J,K)=0.0
&0 CONT INUE
55 CONTINUE
RETURN
600 CONTINUE
IF(II.EQ.1)GO TO 601
TPI=2.0#3.14159
DO 75 K=1,KK
Og 73 J=1,JJ
Do 75 1=2,11
TX(I, I K)=TPI#DZ (K)#A1(I-1, U K)#AL1 (I, LK)/ (AL(I. L ED)#V(I-1,dsK)*
LALOG(2. 0#DX(I) 7 (DX(I=-1)+DX(I))) + AL(I-1,J>K)*
VT, Je KD)#ALOG((DX (I +DX(TI+1)) /(2. 0#DX(1))) ) *
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% (1./B(I-1,J,K) + 1./B(I,0,K))#0,S#DY(J)#2.777777D-03

CONTINUE

IF(JJ.ER. 1)GO TO 701

DO 72 K=1,EKK

DO 78 I=1,11

Do 78 J=2,Jdd

DYJ=0.5#(DX(I+1H)+DX (1)) #DY(J) #1745, 329250~-035
DYJ1=0.S#(DX(I+1)+DX(I)) DY (J=1) #1745, 329250~-05
TY(I,J-E)=A2(1.J=1.K)#AZ2( I, J- K)/(DYJL1#V(I,J=1,k)®A2(I.J>K)

S+DYJIHV(I, JH K)#A2(I1,J=-1,K)) # (1./B(I,Jd=1,.K)+1./B(I,J,K))

CONTINUE .

NOW MU3ST DEFINE TY“S AT THETA = 0 FOR EACH I, K.
IF(ABS(3THETA-3&0.).6T.1.E-5)G0 TO 86

D0 32 K=1,KK

DO 82 I=1,1I1

DY1=0.5#(DX(I+1)+DX (1)) DY (1)#1745, 329250-0C

DYJJ=0.S# (DX (I+1)+DX (1)) #DY(JJ) #1745, 23292SD-05
TY(I1,1,K)=AZ(1, 1, K)#AZ(1,JJ K) /7 (DYJJI®V(T, LS K #AZ (I, 1, K)+DY1

EEV(IL 1L, KI#AZ(I,JJHK))# (1./B(I,1,K)+1./B(I,JJ,K))

TY(I,JdJ+1,K)=TY(I,1,K)
CONTIMUE
CONT INUE
IF(KK.EQ.1)RETURN
DO 80 K=2,KK
Do 80 J=1,J4J
0o g0 I=1,11 .
AREA=3. 14150*(DX(I+1)*DX(I+1)-DX(I)*DX(I)) # &, 32E%DY (D)
2#2.7777770D-02
A31=AZ(I,J,K~-1)*#AREA
AZZ=A3(I.J, k) #AREA
TZ(1, b E)=AS1#AZ2/ (DZK=1)#V( I, J, K-1)#AGZ + DZ(K)#V(I, LK) *RZE1) #

2(1./B(I,JdrK=-1) + 1./B(I, 1K) )*0.8

CONTINUE

RETURN

END

SUBROUTINE UINIT(II,Jdd.KE,FI.PN,F,IM,dM,MBEQ, CUMO,ETO)
INTEGER#2Z HEADIN(40).,FCODE
REAL#3Z P(IM,.JM,1),MBEQ, CLIMO,ETO
DIMENSION PN(IM,JM,1)
READ(S,69) HEADIN

READ(S, 62)PI,KPI,NPRES, FCODE
IF(KPI.NE.O)GO TO S600

Do 20 J=1,J4J

Do 30 I=1,11

D0 30 K=1,KK

PN(I,JsK)=PI

P(I.J,K)=PI

WRITE(&,S4)PI

IF(NPRES.EG.0)GO TO 301%
WRITE(6,S700)P1

Do 5705 L=t, NPRE’

READ(S,71) 1, Jd, KL PN(I,»J5K)
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5705
3015
S&00

3005

4005

3010

3016
&9

o

&Q

&3
S4
e

P(I.dJd>

KY=PN{I,Jd,K)

WRITE(L,S5701)1,3K.P(I,J5K)
CONTINUE

RETURN
WRITE(

READ(S, S?)ETO, ClUMO, MBEO
WRITE(6.460)ETO, CUMO, MBEO

DO 301
WRITE(
J=JdJd

5,S7)

0 K=1,KK
6,33)K

IF(FCODE.NE.O)READ(S,61) (P(I.J,K),I=1,1I1)

IF(FCODE.NE.O)GO TO 4005

READ(S,538)(P(I,J>K)»I=1,11)

WRITE(6,1115)(P(I,J>K)»I=1,1I1)

J=Jd-1

IF{J.EQ.0)G0 TO 3010

GO TO

CONTIN
DO 301
Do 301
Do 301

3005

UE

& K=1,KK
& J=1,04]
6 I=1,11

FN(I,»JkK)=P(I,d,K)
FORMAT(40A2)

FORMAT (F20.12,F30.
FORMAT(T1S, -

&T1S.,
&TIS»

12,F20.12)
"ELAPSED TIME

“PRIOCR INJECTION

“PRIOCR MATERIAL BALANCE ERROK

& PERCENT"//)

FORMAT
FORMAT

(F10.0,215)

(//T7T1S, "INITIAL CDNDITIUN 1Z°-F7.1//)

Jaxn fL.e TOo00

Science Applicatons,

July 31, 1980

L F30.12.7
‘L F30. 12, 7
2, F30.12,

Cx####ESTABLISH NUMBER OF TIME STEPS AND TIME STER SIZES
(T1S, "NODES AT WHICH INITIAL VALUE IS OTHER THAN’,

S700

71
5701
S7

c
s
61
1115

FORMAT
SF7.1,"

ARE AT FOLLOWSZ /)

FORMAT(Z15,F10.0)

FORMAT (15X, 3IS,5X-F7.1)
FORMAT(//T1S, -

8’ W REFEREET /)
FORMAT(/1X, "k =7,12/)

FORMAT

(4F12.12)

FORMAT(16FS. 0)
FORMAT (SX, 20FS.0/)

RETURN
END

SUBROUTINE INTRP1{X,YsN,X0,YOD)

IMPLICIT REAL%#3 (A-H,0-2)

DIMENS
IF(XO0.
IF(XO.

ION X(1),Y(1)
EG.X(NY) YO=Y(N)
EG.X(N)) RETURN
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pa 10 I=2,N

IF(XO.GE.X(I)) GO TO 10
YOSY(I-1)+(XO0=X(I-1))#(Y(I)=Y(I=1))/(X(I)—=X(I~-1))
RETURN

CONTINUE

END

SUBROUTINE FRIC(&.G.V,L-E.R.F,I,DFTV)

IMPLICIT REAL#2 (A-H,0-Z)

ROUTINE FOR CALCULATING FRICTION FACTOR FOR PIFE FLOW
-—— FOR LAMINAR FLOW OR TRANSITION OR TURBULENT FLOW ——-

REFERENCE —--—-— "“HANDEOUOK OF NATURAL GAS ENGINEERING™ BY KATZ

F
F

64/RE FOR LAMINAR FLOW (1000<CRE<C2100)
IMPLICIT FUNCTION (EQ. (7-23) OF KATZ) FOR TRANSITION OR
TURBULENT FLOW

NEWTON-RAPHION METHOD USED FOR IMPLICIT FUNCTION
A DEFAULT VALUE USED IF RE IS IN THE CRICITAL ZONE

ALE0 THE DEFAULT VALUE IS USED IF THE NEWTON-RAPHZION SCHEME
DES NOT CONVERGE

g
[
m
U

0

RATE -- MCFD

GAS GRAVITY
VISCAsSITY -- CF
PIPE ID -— 1IN
ABSOLUTE ROUGHNES
REYNOLDS NUMBER
FRICTION FACTOR (TO BE CALCULATED % RETURMED)
NUMBER OF ITERATONS TO CONVERGENCE

FTV = DEFAULT VALUE (USED FOR CRICITAL ZONE)

W

G
\Y
D
E -~ IN
R
E
I
D

F=0.0

ICRIT=0

A=D/E

R=20. # GG/ (VD)

I=0

IF(R.LT.1000) RETURN

F=4£4/RE NOT VALID FOR VERY LOW FLOW RATES BEFORE LAMINAR FLOW IS
ESTABLISHEDs VALUE QOF F RETURNED IN THIS CASE IS 0.0

IF(R.LE.2100.)F=64./K
IF(R.LE.Z2100.)RETURN

IF{R.GT.2100. .AND. R.LE. 4000.) GO TOQ 20
C=9.34%#A/R

USE KATZ EG (7-25) WHICH IS FIRST TERM OF IMPLICIT FN A3 INITIAL GUEST
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X=2.#DLOG10(A) + 1.14
FN = X = 2.0 # (DLOGL1O(A/(1.+C#X)) + _0.S7)
IF(DARS(FN).LE.1.E~4) GO TQ Z

Dc=1./C

ODFDX = 1. — .868&/(0C + X)
X = X — FN/DFDX

I=I+1

IF(I.GT.97)PRINT S,I,X,FN,DFDX
IF(I.GT.99) GO TQ 10

GO TO 2

F=1./7(X#X)

RETURN

FORMAT(////T2,7(ITER, X, FN, DFDX) -,13,3EL15.6)
FORMAT(///7/TS, “REYNOLDS NUMEBER IS IN CRITICAL RANGE -- “,Fé&.0,

% /TS, “THEREFORE DEFAULT VALUE OF -- “,F8.4.7 IS BEING USED"/)

F=DFTV

RETURN

F=DFTV

WRITE(4,7) R-OFTY

RETLIRN

END

SUBROUTINE PBH(A1.AZ,G,F,FPBH1,.0PW.FT1,ZT.NT1,FEHZ)
IMPLICIT REAL®Z (A-H,0-Z)

DIMENSION FTL(1),ZT(1)

H{X. Z)=(DEXP(X/Z) - 1.) ®* Z#I/X

FEH1 = FIXED WELLHEAD PRESSURE(STARTING VALUE FOR EHF)
NOTE THAT ITERATION I= ONLY PERFORMED ON Z

I=0

PWH=FPEH1

PAV=0. S (PWH+FEHL)

CALL INTRPL(PTL1,.ZT,.NT1,.FAV.,ZAV)

PERHZ = DSGRT(LDEXP(AZ/ZAV)#PWH#PWH + AlxH(AZ,ZAYV) *F=*axQ)
DPPW=PBHZ-FEH1

I=I+1

IF(I.GT.®2)FRINT 7.,PAV.ZAV,FEHZ.DPPW
IF(I.GT.99)RETURN

IF(DABS(DPPW).LT.OFW) RETURN

FEH1=PBHZ
GO TO 1

FORMAT(///TS, “BOTTOM~-HOLE PRESSURE ROUTIME WILL NOT CONVERGE/
TS, “PAV, ZAV, PBH2, DPPW “,3X,4E1S5.6&/)

END
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SUBROUTINE PWH(A1,A2,Q.F,PWH1,DPW,PT1,ZT,NT1,PWHZ)
IMPLICIT REAL#8 (A-H,0-2)

DIMENSION PT1(1),ZT(1)

H(X> Z)y=(DEXP(X/Z) = 1.) % ZxZ/X

Cex#x PBH = PWHL IS STARTING VALUE FOR WELLHEAD PRESSURE

PBH=PWH1
I=0
b PAV=0.5#(FPBH+PWH1)
CALL INTRP1(NF1,ZT.NT1,PAV,ZAV)

PWH2=DSAQRT ( (FBH#PBH - Al1#H(A2, ZAV) #F#q#3) #*DEXP{(-A2/ZAV))

DPPU=PWH2~-PWH1

I=I+1

IF(I.GT.20) WRITE(6-71) PAV,ZAV,PWH1,PWHZ, DFFW
IF(I.GT.20) RETURN

IF(DABZ(DPPW) .LT. DPW) RETURN

PWH1=PWH2
GO TO 1 :
71 FORMAT (//TS, “WELLHEAD PRESSURE ROUTINE WILL NOT CONVERGE’/,
%TS, “PAV. ZAV, PWH1, PWH2, DPPW ARE: “,S5EL1S5.4)
END
SUBROUTINE TRNRD1(IM,JIM.NR,P,TR.K,DR,»Z.V,TPI-11,J1,K1)
IMPLICIT REAL%¥8 (A-H.0-2)
~ REAL#8 K(1)
DIMENSION TPI(IM,JM,1),TR(1),D0R(1),Z(1),V(1),P(1)
IF(NR.EQ.1)GO TO 401
DO 7S I=2,NR
TRII=TPI(I1,J1,K1) # (P{I-1)+P(I)) # K(I-1) % K(I)/
LAK(I) * V(I-1) % Z(I-1) % DLOG(Z.#DR(I)/(DR(I-1)+DOR(I))) +
LE(I=-1) # V(I) # Z(I) # DLOG((DR(IN+DOR(I+1))/(2.#DR(I))))
75 CONTINUE
601 CONTINUE
RETURN
END

SUBROUTINE NLLSQS(MCOEFF,NPTZ.X.Y.A.B.C,FF.E,YE,DEV,PCTDEV,FP)

IMPLICIT REAL#Z (A-H,0-2)

DIMENSION X(1),Y(1),A(MCOEFF,1),B(1),C(1),FF(MCOEFF.1),E(1),
¥YE(1),DEV(1),PCTDEV(1),FP(1)

O
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LEAST SGUARES PROGRAM — APPROXIMATING FUNCTION NON-LINEAR
IN ITS COEFFICIENTS: Y = A#X/{(1 + B#xX)
F(X.B1,B2)=Bl#X/(1. + B2#X)

INSERT ARITHMETIC STATEMENT FUNCTIONS DESCRIBING THE PARTIALS OF
F WITH RESPECT TO EACH OF EBE1,B2,....BNCCOEFF.

F1(X,B1,B2)=X/(1.+ B2#X)

F2(X>B1,B2)=-Bil#X#X/((1.+B2#X)##2)

DFDX(X-B1,B2)= B1/( (1.+B2#X) #(1.+BzZ#X) )

PRINT INITIAL ESTIMATES OF THE COEFFICIENTS TO BE DETERMINED
PRINT 1031,B(1),B(2)

FORMAT(//T1S,“INITIAL ESTIMATES OF COEFFICIENTS Bl & B2 ARE: 7,
“2E15.6/)

KTR=0

BUILD MATRIX FF BY LETTING FF(I,J)I=FI(X(J),B(1),B(2),...,B(MCOEFF))
I=1,2,....-MCOEFF

BB1=RB(1)

BB2=B(2)

DO 1 J=1,.NPTS

XX=X(Jd)

FF(1,J4)=F1(XX.BE1,BB2)

FF(2,J)=F2(XX,BB1,EBB2) .

BUILD MATRIX A, TAKING ADVANTAGE OF SYMMETRY WITH RESPECT TO
MAIN DIAGUNAL

0g 3 I=1i,MCOEFF

DO 2 K=1,1

Ak, I1)=0.

0Da 2 Jd=1.NPTS

ACKL I)=AE II+FF(I, ) #FF (K, 1)

A(L.K)Y = AK,T)

BUILD MATRIX C©

0o 4 K=1,MCOEFF

C(K) = 0.0

DO 4 J=1,NPTS

XxX=X{J)
CKY=C(K)+(Y(J)-F(XX,BB1,BB2) ) #FF (K. J)
FORMAT(1X,7E15.6)

S0LVE THE SYSTEM OF ERUATIONS AE = C

E(1) = (C(L)Y=A(1,2)#C(2)/ACZ,2))/(A(1,1)-A(1,2)%A(2, 1) /A(2,2))
E(2) = (C(L)-A{1,1)%E(1))/A(1,2)
ERR=0.0

ETR=KTR+1

MAKE CORRECTIONZ TO ESTIMATES OF COEFFICIENTS
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DO & I=1,MCOEFF
B(I)=B(I)+E(I)
ERR=ERR+DABS(E(I))

IS SUM OF CORRECTIONZ TO COEFFICIENTS SMALL ENCUGH
IF(ERR.GT..1.AND.KTR.LT.Z23)G0 TO 10
IF(KTR.NE.25)GO TO 9

IF AFTER 25 TRIALS SUM OF CORRECTIONS IS STILL TOO LARGE. STOP
WRITE(&,105)

FORMAT (43HNON-LINEAR LEAST SGQUARES FAILED TO CONVERGE)

STOP

IF CONVERGENCE HAS BEEN REACHELD, PRINT QUT THE CCOEFFICENTS
Bi=B(1)

B2Z=B(2)

PRINT 119,B1,B2

PCTDEV(1)=0.0

D0 920 J=1.NFPTS

XX=X{h

YE(J)=F(XX,B1,B2)

DEV(D)=YE(J)-Y(J)

IF(J.GT. 1PCTDEV(D=DEV(IN) /Y(J) * 100.0Q
FP(J)=DFDX{XX,B1,B2)

CONTINUE

PRINT 107

PRINT 123, (X(,,Y(D,YE(N,DEV(D ,PCTREV(DLFF(J)»Jd=1,NPTS)
FORMAT (/TS, “NON-LINEAR LEAST SQUARES COEFFICIENTS TO EGQUATION”,
%" € = AP/(1 + BP) ARE A5 FOLLOWS”/,T15."A = 7,E12.6,3X,
%“B = “,E12.6/)

FORMAT(T1S, 7 P(PSIA) SCF/CU FT EST vALUE DEVZ,
B’ FCTDEV DCDP )
FORMAT(16X-F9.1,F12,3,F12.3,F15.6,F10.2,E15.4)

RETURN

END
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SUBROUTINE PCGINV(MCFACT,MCFMA, MCFDA, TGASL ., FGF, FGM. FGD, FGGF »
% FGGM, FGGD)
IMPLICIT REAL*¥Z (A-Z)
Ceee@e PRINT CLURRENT GAS INVENTORY
WRITE(5,4117)
WRITE(&,2119) MCFACT.MCFMA, MCFDA
WRITE(6.4121) TGAS1,FGF,FGM,FGD
WRITE(6,4122) FGGF.FGGM, FGGD
c
3119 FORMAT(T4,.F12.3,T36,F12.3,7T78,F15.0)
4117 FORMAT(///T15, $$$$%$$%%$ CURRENT INVENTORY OF GAS IN PLACE”,
%7 (MCF) FOLLOWS $3$3$3%$%%%7//T7S5, "RESERVOIR GAS”,
%T35. “"FREE" MATRIX GAS~’,T75, "ADSORBED" MATRIX GAS’/,
7S, 7 7L T35, 7 7. T75,
% /)
4121 FORMAT(//T1S,“>>3>3>>> TOTAL REMAINING GAS IN PLACE(MCF)
2. F13.3// T15:“.ccce... 7% GAS REMAINING IN FRACTURE SYSTEM
%, F2.2// Ti1S+’.ce.ea.. 7% REMAINING FREE MATRIX GAS
2%, F3.2// T15:°..e.0s.. % REMAINING ADSORBED MATRIX GAS
%, F3.2) '
4123 FORMAT(///T15, “FRACTION OF ORIGINAL FRACTURE SYSTEM GAS PRODUCED”,
= “5F7.4//,

Y N NN

[rd
~

% T1S, “FRACTION OF ORIGINAL FREE MATRIX GAS PRODUCED ‘s
X7 = “LF7.4//>
% T1S, “FRACTION OF ORIGINAL ADSOREBED GAS FRODUCED ‘s
L = “,F7.4/) . .

RETURN '

END

SUBROUTINE RDATA(TR, TSC,FSC,GR,TA,RHOSH,C11,C22,EE,DFTV,
&DPW, PARMM,NT1,PT1,.VIS1,ZT.NTM,NTO,PT,CT,» B1,B2Z)

(]

REAL#2 GR,.LC11,C22,EE,DFTV, DPW, PARMML.FT1(1),VIS1(1),2T(1),
% PT(1),.CT(1),Bl.B2

or]

READ(S,&9) HEADIN

READ(S,7213) TR, TSC.PSC,GR, TA> RHOSH
WRITE(4,11) TR.TSC,P3C,GR, TA, RHOSH
TR=TR+460.0

TSC=TSC+460.

TA=TA+460.

C11=GR#TA/40000.

C22=.037S#C6R/TA

READ(S, 69) HEADIN

READ(S,7213) EE.DFTV,DPW, PARMM
WRITE(6,7215) EE.DFTV,DPW,. PARMM

O

READ(S.,6%) HEADIN

READ(S,2)NT1L

READ(S, 721 1) (PT1 (- VISL (N, ZT(J)»Jd=1,.NTL)
WRITE(6,93)

WRITE(&,95)
WRITE(6,97)Y(PT1(L)»VISI(L)»ZT(L)>L=1,NT1)
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c
Ceéee@ READ ISUTHERM TABLE
READ(S. 69) HEADIN
READ(S,2) NTO
READ(S, 7202) (PT(J)»CT{(J)»J=1,NTO)
WRITE(&,79)
WRITE(6,101)
WRITE(6,103) (PT(J),CT(J)>»J=1,NTO)
Ce@e@@ NOW CONVERT TO DESIRED UNITS(PSIA & SCF/CU FT)
c CONSTANT 1.0569 CONVERTS FROM O DEG C TO 60 DEG F
c (NOTE THAT CC AT SC/CU CM = SCF/CU FT)
DO 200 J=1,NTO
PT(J)=PT(J)#14.7
200 CT(J)=CT(J) #RHOSH*1., 05467
Cceee@ DETERMINE LEAST SQUARES COEFFICIENTS
cC READ INITIAL ESTIMATES OF COEFFICIENTS K1 & BZ IN THE EG.
c C = Bi#P/(1 + B2xP)
c NOTE: IF Bl IS READ AS 0.0, NO. DESORPTION WILL QCCUR
c :

READ(S,69) HEADIN

READ(S,.1) B1,B2 A
IF(B1.LT.1.E-0S) WRITE(&6,1370)
FORMAT(3F10.0,31I5)

FORMAT(ZIS,.F15.7)

&9 FORMAT (40A2)

7209 FORMAT(2F10.0)

7211 FORMAT(ZF10.0)

7213 -FORMAT(&FL10.0)

11 FORMAT(///T15, “RESERVUIR TEMFERATURE
/T1S, “STANDARD TEMFERATURE
/T1S, “STANDARD FRESSURE
/T1S, “GAS GRAVITY

/T1S, “AVG WELLERORE TEMP Fe. 2,7 (DEG FY7/

T1S, “SHALE DENZITY 2F&.2,7 (GM/CCHY“//)
7213 FORMAT(TLS, "PARAMETERS FOR BOTTOM-HOLE FRESSURE CALCULATIONS-/

P

»F&.2,7 (DEG F)7,
»F2.2,7 (DEG F)7,
»F&.2,7 (PSIA)Y,
»FE. 32,

%

L Y T T S N

Dol ad o

% T1S, "ROUGHNESS FACTOR = “,F12.6/
% T1iS, “DEFAULT FRICTION FACTOR = “,F6.3/
& T1S, “CONVERGENCE TOLERANCE = “2F6.2//
& T1S, "PARAMETER FOR QUTER TRM = “,F&.3//)
b4 FORMAT(/////T18, 7GAS VISCOSITY & Z-FACTOR TABLE“/)
e FORMAT(T1S, ” P(PSIA) MU(CP) Z7)
o7 FORMAT(13X,F10.2,F14.4,F13.3)
99 FORMAT(S5(/),T1S, “METHANE ADSCORPTION ISOTHERM (@ RES. TEMP.)7/)
101 FORMAT(T1S,” P(ATM) CC AT STP/GM7)

103 FORMAT(13X.F9.1,F12.3)
1370 FORMAT(//T15,“SINCE YOU HAVE SPECIFIED Bl = 0.0 NO DESORPTIONZ,
&7 WILL OCCUR THIS RUN......“7/)
RETURN
END
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APPENDIIX B2

SaMPLE INPUT DATA

BELOCK SIZES AND NUMBER OF BLOCKS IN X,Y,Z DIRECTIONS

1000. 1000. 311. 0 0 0
10 10 1 0 0 0
1--PHI o1 K 01 K o1 KZ-——-012345123451284512345
0.03& ‘0.15 0.15 0.1 0 0 0 0
IMPERMEABLE BLOCKS OR BLOCKS OUTSIDE RESERVOIR BOUNDARY
0
TR T3C PSC GR TWE - RHOSH
108.0 &0. 14.7 0.861 24,0 2.714
EE DFTV DFPW PARMM
. 0004 0.05 2.00 1.0
GAS PROPERTY TAELE
11
15. 0.0102 0.99%
100. 0.0105 0.985
200. 0.0109 0.96%2
300. 0.0112 0.925 :
400. 0.0115 0.902
500. 0.0117 0.375
5600. 0.0121 0.847%3
700. 0.0125 0.830 )
200. 0.0131 0. 300
200. 0.0137 0.775
1000. 0.014% 0.75%
ADSORFTION ISOTHERM TABLE(FRESSURE IN ATM, CONC. IN CC @ STR/GM)
11
0.0 0.0
10. .70
20, 1.20
0. 1.65
40. 2.00
50. 2.25
50. 2.40
70. 2.50
S0. 2.60
20. 2.65
100. 2.70
INITIAL ESTIMATES (Bl & BZ) FOR THE EQ. -— C = Bi#P/(1 + BZ*F)
L.012% . 001
INITIAL PRESSURE AND BLOCKS WITH DIFFERENT PRESSURE
305.0
VARIABLE RATE BLOCKS
1
1 St 51 51=-——QV==-01-==PI~=-01--FWF---01-=IP1 ~-IVAO1=-=XWDR--01~--TIDR~-0
4 4 1 0.0 6L 3. 0 1 2500. &.00
0.0 0.0 0.0 0.0 9999, 0.0 0.0 0.0
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VARIABLE FRESSURE EBLOCKS

0
1---51---351--=-51——-PV-==0 IVP 1-=XWOP--01--TIDP=--0
KLINKENBERG PARAMETERS(BK, Ci. C2)

-1. 12.64 -.33
NUMBER OF GRID-BLOCKS IN MATRIX ELEMENT & ELEMENT RADIUS (CM)
6 S0.
NORMALIZED CUMULATIVE RADII OF MATRIX ELEMENT
1 .0S
2 .10
3 .20
4 .40
s -80 ©
& 9995
7 1.0

1234567390123454678901 MATRIX ELEMENT GRID DATA —— PHIM, ELM(MID)
.015 - 10000-06
SHALE MATRIX COLE (0, 1, 2, 3, OR 4)
4 ' .
PRINT CODES(KTi, LT1, KPR, KSN, KRV)
' S0 70 S 0
HISTORY BLOCKS

4
4 4 1
2 3 1
4 2 1
S 3 1
@ 4 1
S 4 1
3 S 1
4 S 1
S S 1
PUNCH CODES
o 0 o
KSOLMITER OMEGA TOUL TOLt
3 200 1.200 0.001 0. 0000
NN TMAX ERR ERRM ERRF KPRT
20 9999, 1.00 1.00 0.001 O
TIME STEFS
S
S.
10.
20.
40.
<0.
£0.
20.
100.
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APPENDIX B3

SAMPLE OUTPUT DATA

R SUGAR-MD —— A GENERAL PURPOSE FRACTURED GAS RESERVOIR SIMULATOR ressiiiss

————— RESERVOIR AND GAS PROPERTIES FOLLOW —————

NUNEER OF NODES IN X-DIRECTION = 10
NUMEER OF NODES IN Y-DIRECTION = 10
NUMBER OF NODES IN I-DIRECTION = |

GRID BLOCK SIZES IN X-DIRECTION

100.000
100. 000
100. 000
100.000
100.000
100,000
106.000
100,000
100.000
100,000

O~ A 5 G B -

<O O O~

—

GRID BLOCK SIZES IN Y-DIRECTICN

100.000
100,000
100.000
100.000
100.000
100.000
100.000
100.000
100.000
100,000

SO O W NO AW N

—

GRID BLOCK SIZES IN Z-DIRECTION

i 311000
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DIMENSIONS OF RESERVOIR-—LENGTH(FT) =1000.0
WIDTH(FT) =1000.0
THICKNESS(FT) = 311.0

POROSITY (PHI) IS INITIALLY SET AT 0.03300 FOR ALL NODES

PERMEABILITY (KX) IS INITIALLY 3ET AT 0.149999976

PERMEABILITY (KY) IS INITIALLY SET AT 0. 149993976

PERMEABILITY (KZI) IS INITIALLY SET AT 0.099793764

RESERVOIR TEMPERATURE =  108.00 (DEG F)
STANDARD TEMPERATURE =  40.00 (DEG F)
STANDARD PRESSLRE = 14,70 (PSIA)
GAS GRAVITY = 0.861

AVG WELLBORE TEXP = 84,00 (DEG F)
SHALE DENSITY = 2.71 (GM/CC)

PARAMETERS FOR BOTTOM-HOLE PRESSURE CALCULATIONS
ROUGHNESS FRACTOR = 0. 000600
DEFALLT FRICTION FACTOR = 0.050
CONVERGENCE TOLERANCE = 2.000

PARAMETER FOR OUTER TRt = 1.000
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GAS VISCOSITY & 2-FACTOR TABLE

P(PSIA)
15.00

100.00

200.00

M)
0.0102
0.0105
0.0109
0.0112
0.0115
0.01t7
0.0121
0.0125
0.0131
0.0137
0.0143

1
0.998
0.9835
0.962
0.325
0.902
0.875
0.843
0.230
0.800
0.775
0.733

METHANE ADSORPTION ISOTHERM (@ RES. TEMP.)

P(ATH)
0.0
10.0
20.0
30.0
4.0
50.0
60.0
70.0
80.0
90.0
100.9

INITIAL ESTIMATES OF COEFFICIENTS B! k B2 ARE:

CC AT STP/GM
0.0
0.700
1.200
1.630
2,000
2,250
2.400
2.0
2,600
2,650
2.700

0, 1290000-01

0. 100000D-02

NON-LINEAR LEAST SQUARES COEFFICIENTS TO EQUATION C = AP/{1 + BP) ARE AS FOLLOWS

A = 0.181646D-01 B = 0.163253D~02
P(PSIA) SCF/CU FT  EST VALLE
0.0 0.0 0.0
147.0 2,003 2,133
234.0 3.442 3.408
431.0 4.733 4,657

Dev
6.0
0.1453%9
0. 166271

-0.075540

100

PCTDEV
0.0
1.5
4.83

-1.80

bCoe
0.1816450-01
0.1131373-01
0.8292920-02
0.5140100-02

N
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368.0 3.737 5.449 ~0.287414 -5.01  0.4728480-02
735.0 6.454 6.069 =0,385261 -5.97  0.3753090-02
852.0 6.384 6.566 -0.318085 -4.62  0.305109D-02

1023.0 1.1 8,974 -0.1963%3 -2.74  0.2529100-02
1176.0 7.458 7.316 =0. 142205 -1.91  0.2130443-02
1323.90 7.601 7.605 0.003763 0.05 0.1819120-02
1470.0 7.745 7.834 0.108377 1.41  0.1571370-02

INITIAL CONDITION IS 305.0

RESERVOIR CONTAINS THE FOLLOWING VARIABLE RATE NODES
NODE TIME ON{DAY,HR,MIN,SEC) TIME OFF(DAY,HR,MNIN,SEC) RATE Pl PWF IP VO W@ TIDG

4 41 0.0 0.0 0.0 0.0 9979.00 0.0 0.0 0.0 0.0  0.456400E 00  83.000 0 1 2500. 6.000

SINCE YOU HAVE SPECIFIED A MNEGATIVE VALUE FOR THE KLINKENBERG MUMBER IT WILL BE DETERMINED FROM THE FUNCTION
B = Cl # K ## C2 USING THE VALUES OF C1 & C2 YOU HAVE SPECIFIED — C1 = 0.1264E 02 & (2 = -0.330CE 0

RADIUS OF CYLINDRICAL MATRIX ELEMENT(CM) = 50.0

CLMLATIVE GRID-BLOCK RADIT(CHM)

0.050000  2.500000
0.100000  5.000000
0.200000  10.000000
0.400000  20.000000
0.800000  40.000000
0.999500  49.973000
£.000000  30. 000000

O LN B WD D e

MATRIX POROSITY & PERMEABILITY(PHIM, KLM) ARE: 0.0150  0.100000D-06

05¥) YOU HAVE SPECIFIED MCODE = 4
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S RESERVOIR GRID-BLOCK PORE VOLUMESH- -

K=t

" 0.1181800 06 0.118130D 06 0.118180D 04 0.118180D 06 0.113180D 06 0.118180D 06 0.118180D 04 0.118130D 06 0.118180D 06 0.118150D 06

0.113180D 06 0.118180D 06 0.118130D 04 0.118180D 06 0.118180D 06 0.118180D 04 0.113180D 06 0.118180D 06 0.118130B 06 0.118180D 06
0.118180D 06 0.118130D 04 0.118180D 05 0.118180D 06 0.118130B 04 0.113130D 06 0.118180D 06 0.113180D 06 0.118180D 06 0.118180D 06
0.118180D 06 0.113180D 05 0.118180D 06 0.118130D 06 0.118180D 04 0.113130D 06 0,118180D 06 0.118180D 0& 0.118180D 06 0.118130D 06

- 0.113180D 06 0.118180D 06 0.118130D 06 0.118180D 04 0.113130D 06 0.113130D 04 0.113130D 06 0.118130D 06 0.118180D 06 0.118180D 06

0.118180D 06 0.118130D 06 0.118180D 05 0.118180D 04 0.118180D 06 0.118180D 04 0.118180D 06 0.113180D 06 0.118180D 06 0.1181830D 06
0.118180D 06 0.113180D 06 0.118130D 06 0.118180D 06 0.113180D Q6 0.118130D 06 0.118130D 06 0.113130D 06 0.118130D 06 0.118180D 04
0.118180D 06 0.118180D 04 0.118180D 04 0.118120D 04 0.113130D 06 0.113180D 06 0.118180D 06 0.113130D 04 0.118180D 06 0.118180D 06

- 0,118180D 05 0.113130D 06 0.118180D 04 0.118180D 04 0.113120D 06 0.118130D 04 0.118120D 06 0.1181800 06 0.118130D 06 0.118180D 06

0.118180D 06 0.118130D 06 0.118180D 06 0.118180D 06 0.113180D 06 0.118180D 06 0.118130D 06 0.113130D 06 0.118180D 04 0.118130D 06

TOTAL RESERVOIR PORE VOLWME = 11817999.62

MRMBER OF TIME STEPS THIS RUN(MNN) = 20
NAXIMN SIMULATION TIME,DAYS(THAX) = 9977.000000
CYCLE TOL. FOR RES. PRES.(ERR) = 1,000
CYCLE TOLERANCE FOR MATRIX(ERRM) = 1,000
PRESSURE CONTINUITY TOLERANCE(ERRF)= 0.0010
SKIP PRINT PARAMETER(KT!) = 5
SKIP PUNCH PARRMETERILTL) = 0
TRANSMISSIBILITY CODE(KPR) = 0
SPECIAL NOUE CODE(KEN) = 9
EXTRA PRINT COUDE(KBV) = 0
GENERAL CODE(KPRT) = 0

$5$$39944$ INVENTORY (F INITIAL GAS IN PLACE(MCF) FOLLOWS $$34%$54%%

RESERWIIR GAS "FREE" MATRIX GAS *ADSORBED® MATRIX GAS
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282985.448 92039.685
23305 TOTAL GAS IN PLACE(MCF) = 18415338, 145
cseeseas PERCENT GAS IN FRACTURE SYSTEM = 16,86
«essseee PERCENT GAS IN MATRIX AS FREE GAS = 6.38

eseeeass PERCENT GAS IN MATRIX AS ADSURBED GAS = 76.76

BEGINNING TIME-STEP |

1106533.

ELAPSED TIME = 5.000000 VARIABLE RATE NODES ARE SET AS FOLLOWS

NODE RATE PI P pura
4 4 1 0.134357€ 03 0,466600E 00 83,000 89.479

vis

Science Applications,
July 31, 1930

BG IP Ve

0.01020 0.567918D02 0 1

+ PFCYCLE 4 STEP | DPF =0,1735D-03 S@SCM = 0.1506D 02 S@SC = 0,1553D 02  P(1,1,1) = 2305.0

NUMBER OF TIME-STEPS COMPLETED

SIIE OF TIME STEP = 3.000000 DAYS
TOTAL ELAPSED TIME = 5.000000 DAYS =
SYSTEM CHANGE THIS STEP 2 ~546.970 NCF
SYSTEM QUTPUT THIS STEP = 646,525 MCF
INCREMENTAL ERROR THIS STEP = =0. 445 MCF

103
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NET WELL PRODUCTION THIS STEP
NET INJECTION FRON MATRIX
NET DESORPTION INTO MATRIX

CUMULATIVE WELL PRODUCTION
CUMRATIVE INJECTION FROM MATRIX
CUMILATIVE DESORPTION

B ounn

WELL INJECTION THIS STEP

WELL PRODUCTION THIS STEP

NET WeLl PRODUCTION THIS STEP
CUNMULATIVE NET WELL PRODUCTION

TOTAL INITIAL GAS IN PLACE
FRACTIONAL RESOURCE RECOVERY

NET SYSTEM PRODUCTION THIS STEP
CUMULATIVE NET PRODUCTION
FCTUAL -FRACTURE GAS REMAINING
CALCULATED FRACTURE GAS REMAINING =
CUM. MAT. BAL. ERROR (FRACTURES) -=

0.0 MNCF
721.834 MCF
721.834 WCF
721.834 WCF

1441558, NCF
0.000501 %

646,525 WCF
446,525 WCF
242339, MCF
247338, MCF
=0.0001384 %

NEW RESERVOIR PRESSURE DISTRIBUTION FOLLOWS

203, 305. 30S. 303. 205. 309. 305. 30S. 30S.

30S. 303. 305. 305. 305, 303. 30%. 30S. 305,

305. 308. 305. 305. 05, 305. 305, 305. 305.

305

303
305. 305, 305. 305. 305. 305. 203. 305, A0S,

305

305. 305. 305
303, 305. 303. 300. 303. 303. 303. 30S. 5.
305. 204, 300. 267. 300. 304. 305. 305. 305.
305. 305. 303. 300. 303. 305. 303. 305. 30S.
305. 305. 305. 304. 305. 305. 205. S. 303.
305

303. 305. 305. 305. 305. 30S.

5.

305,

3%.

305.

305.

303,

305,

. 305. 303. 305.
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NEW RESERVOIR DELTA-PRESSURE DISTRIBUTION FOLLOWS

[ AN NN N NNN] WMYNFLQu RATES THIS STE (m) LA R R RN NN NN )

WELL PRODUCTION INJECTION FROM MATRIX DESCRPTION INTO MATRIX NET FRACTURE SYSTEM PRODUCTION

144,367 ) 15.062 13.7 129.305
5. 000000000000 5. 000000000000 0.0 721.833953857422

721.833953857422 721. 833953357422 329.261147470238 0. 000183720801

4 1 267.13 305.00 0.500000D 01 0.705343D 02  0.721334B 03

3 1 303.4f 305.00 0.500000D 01 -0.304824D 01  0.721234D 03

3 1 299.54 305.00 0.500000D 01 -0.105054D 02  0.721€34D 03

3 1 303.41 305.00 0.5000000 01 -0.304722D 01  0.721834D 03

4 1 299.54 305.00 0.500000D 01 -0.105054D 02  0,721834D 03

4 1 299.54 305.00 0.5000000 01 -0.105040D 02  0.721834D 03

5 1 3203.41 305.00 0.5000000 01 -0.304724D 0f  0.721834D 03

S 1 299.54 305.00 0.500000D 01 -0.105040D 02  0.721834D 03

5 1 303,40 305.00 0.500000D 08 -0.304423D 01  0,721824D 03
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-— MATRIX PRESSURE DISTRIBUTIONS, SOURCE RATES — *gscn” *gsce g *QsCh*

RESERVOIR "HISTORY NODE* 4 4 |
304.9997  304.9994  304.9961  304.9195  301.3385  267.1271 7.4:33 7.6796  135.89385 8,774

RESERVOIR “HISTORY NODE* 3 3 1
303.0000  305.0000  304.9998  304.9964  304,3379  303.4121 0.3274 0.3385 =0.3294 0.2984

RESERVOIR "HISTORY NODE* 4 3 1
305.0000  304.9999  304.9994  304.9878  304.4453  299.5342 1.1226 1.1582 -1.1276 1.0211

RESERVOIR °HISTORY NODE® 35 3 |
305.0000  305.0000  304.9998  304.9964  304.8379  303.4127 0.3293 0.3385 -0.3293 0.2984

RESERVOIR "HISTORY NODE* 3 4
303.0000  304.9999  304.9994  304.9873  304.M53  299.5362 1.1276 1.1582 ~1.1276 1.0211

RESERVOIR “HISTORY NODE* 5 4 1 |
303.0000  304.9999  304.9994  304.9878  304.4454_  299.539. . __1.1274 1.1577 -1.1274 1.0207

RESERVOIR °"HISTORY MODE* 3 S |
305.0000  305.0000  304.9798  304.9%44  304.8379  303.4127 0.3273 0.3335 -0.3273 0.2984

RESERVOIR "HISTORY NODE* 4 5 |
305.0000  304.9779  304.9994 304,987 304.4458 299.3367 1.1274 1.1577 -1.1274 1.0207

RESERVOIR *HISTORY NODE* 5 5 | *
305.0000  305.0000  304.9998  304.9964  304.3380  303.4132 0.3292 0.3382 -0.3292 0.2982

$5$3433588 CURRENT INVENTORY OF GAS IN FLACE(MCF) FOLLOWS $3$33543¢$

RESERVOIR GAS "FREE® MATRIX GAS "ADSORBED" MATRIX GAS
242333.923 92033.095 1106464,
22332053 TOTAL REMAINING GAS IN PLACE(NCF) = 1440836.312
vessesss % GAS REMAINING IN FRACTURE SYSTEM =  16.82
ceeeeess & REMAINING FREE MATRIX GAS = 6,39
cesessee % REMAINING ADSORBED MATRIX GAS = 76,77

FRACTION OF ORIGINAL FRACTURE SYSTEM GAS PROBUCED = 0,0027

106



FRACTION OF ORIGINAL FREE MATRIX GAS PRODUCED

FRACTION OF ORIGINAL ADSORBED GAS PRODUCED

+ PFCYOLE 4 STEP 2 DPF = 0.2910D-03
+#+ PFCYQE 5 STEP 3 DPF = 0.64330-04
+ PFCYCLE 6 STEP 4 DPF = 0.1344D-03

BEGINNING

ELAPSED TIME = 80.000000

NODE RATE P1
4 4 1 0.102775E 03 0.456500E 00

+ PFCYQLE 7 STEP 3 DPF = 0.2334D0-03

NUMEER OF TIME-STEPS COYFLETED
SIZE OF TIXE STEP

TOTAL ELAPSED TIrE

SYSTEM CHANGE THIS STEP
SYSTEM (UTPUT THIS STEP
INCREMENTAL ERRCR THIS STEP

NET WELL PRODUCTION THIS STEP
NET INJECTION FROM MATRIX
NET DESORPTION INTO MATRIX

CUMULATIVE WELL PROBUCTION
CUMULATIVE INJECTION FROM MATRIX
CUMULATIVE DESORPTION

WELL INJECTION THIS STEP
WELL PRODUCTION THIS STEP

UGR File #365
Science Applications, Inc.
July 31, 1980

= 0,000t

= 0.0001
SOSCH = 0.2515D 02 SGSC = 0.2544D 02 P(l,1,1) = 304.9
SOSCM = 0,3728D 02 S@SC = 0.37330 02 P(l,1,1) = 304.7

SESCH = 0.4374D 02 SASC = 0.48930 02 P(1,1.1) = 303.%

TINE-STEP S

VARIABRLE RATE NODES ARE SET AS FOLLOMS

©
PWF g PRES VIS BG IP iV
83.000 83.000 729.200 0.00996 0.666372D02 0 1
SU3CH = 0.5753D 02 SESC = 0.5774D 02 P{l,1,1) = 300.8

5
40.000000 DAYS
80.000000 DAYS = 0.192000D 04 HOURS
-1807.827 CF
1807.827 nMCF
0.001 MCF

4111152 ICF
2303.324 MCF
2037.096 ¥CF

8715.929 nCr
3851.958 MCF
3411.451 NCF

0.0 MCF
4111.152 WCF
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NET WELL PRODUCTION THIS STEP
CUMULATIVE NET WELL PRODUCTION

TOTAL INITIAL GAS IN PLACE
FRACTIONAL RESOURCE RECOVERY

NET SYSTEM PRODUCTION THIS STEP

CUMNLATIVE NET PRODUCTION

ACTUAL FRACTURE GAS REMAINING
CALCULATED FRACTURE GAS REMAINING
CUM. MAT. BAL. ERROR (FRACTURES)

304, 304,

m. 3MI

303, 303.

302. 202.

301! ml

7. 29.

293. 273,

98, 293.

300. 293,

4111.152 NCF
8715.929 MCF

1441558, MCF
0.005045 %

1307.827 WCF
4843.971 MCF

238121, WCF

238119. XCF
=0.001158 %

NEW RESERVOIR PRESSURE DISTRIBUTION FOLLOWS

304, 304,
304. 304.
303. 03,
301. 300.
296, 294.
238, 278.
21. 223,
283,

27.
295. 293.
ml

301. 300. 238.

NEW RESERVOIR DELTA-PRESSURE DISTRIBUTION FOLLOWS

-1 -1
-1 -
-1 -1
-2 -2

296,
239,

278.

303.

3020

296,

294,

296.

299-

301.

. 304,

04,
3.
302.
301,
20,
L.
302.

302,

. 303. 303,

304. 303.

304- 304'

303. A,

303. 304,

303, 304.

02, 304,

303. 304,

303. 304.

¢ 0
0 0
0 0
-1 0

305.
303,
305,
308,
304,
304,
304,
304,
304,

304,
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veesescess SUMMARY OF FLOW RATES THIS STEP (MCFD) ivveevaes

WELL PRODUCTION INJECTION FROM MATRIX DESORPTION INTO MATRIX NET FRACTURE SYSTEM PRODUCTION
102.779 37.383 50.9 45.196
81, 000000000000 40, 000000000000 0.0 4111.151733398437
4111, 151733393437 8713, 929031372070 323.527047223449 -0. 00115332025
§ 4 1 229,20 23%.15 0.300000D 02 0.945023D 02  0.8715%3D 04
3 3 1 237.78 283.22 0.800000D 02 -0.2941S0D Ot  0.871373D 04
4 3 1 277.45 283.51 0.8000000 02 -0.393340D 0t  0.871593D 04
$ 3 1 283.17 272.33  0.800000D 02 -0.2332170 01  0.871393D 04
3 4 1 277.45 283.51 0.800000D 02 -0.373340D 01  0.871593D 04
S 4 1 277.87 233.644 0.800000D 02 -0.381962D 01  0.371393D 04
3 5 1 283.17 293.33  0.300000D 02 -0.283213D 01  0.871593D 04
4 5 1 277.87 Z33.64 0.300000D 02 -0.331944D 01  0.871593D 04
S 5 1 288,33 293.44 0.300000D 02 -0.273187D 0t  0.871593D 04

~——— MATRIX PRESSURE DISTRIBUTIONS, SOURCE RATES — Qscn” *osc* 'S *@sCo”
RESERVOIR °HISTORY NODE" 4 4 1
303.4730  303.2848  302.2374  296.0677  259.1798  229.2003 6.4072 6.4120 96,3715 5.6811

RESERVOIR "HISTORY NODE®

3 1

3
304.4873  303.2665  295.4065  287.7770

304.7239  304.4374 1.7376 1.7412 ~1.7376 1.3327
RESERVOIR "HISTORY NODE® 4 3 |
304.5081  304.4430  204.0951  301.9%¢6  283.9998  277.4305 2.6037 2.6078 =2.6037 2.2781
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RESERVOIR "HISTORY NODE* 5 3 1
304.7280  304.6921  304.4952  303.29%0  275.5700  288.1700 1.46906 1.6941 -1.6%06 1.4911

RESERVOIR "HISTORY NODE* 3 4 |
304.5081 304,440  304.0951  301.99%6  783.9998  277.45.05 2,6037 2.6073 ~2.6037 2.2981

RESERVOIR "HISTORY NODE* S5 4 1§
304.5124  304.4489  304.1088  302.0264  89.1925  277.8478 2.3543 2.3583 -2.5543 2.2544

RESERVOIR "HISTORY NODE* 3 5 1 '
304.7280  304.6921  304.4952  303.2950 795.5900  288.1700 1.6%06 1.4941 -1.6906 1.4911

RESERVOIR "HISTORY NODE* 4 5 1
04,5124  304.4439  304.1033  302.0264  289.1925  277.8478 2.5543 25583  -2.5543 2.2544

RESERVOIR "HISTORY NODE* S S
304.7319  204.6964  304,5026  303.3215  295.7602  288.3333 1.6473 1.6507 -1.6472 1.4530

$399943938 CURRENT INVENTORY OF GAS IN PLACE(MCF) FOLLOWS $$$853833$

RESERVOIR GAS “FREE® MATRIX GAS © “ADSORBED® MATRIX GAS
238121477 91599.378 1103121,
INIY TOTAL REMAINING GAS IN PLACE(MCF) =  1432842.216
teeveees % GAS REMAINIMG IN FRACTURE SYSTEM = 16,62
veveeees T REMAINING FREE MATRIX GAS N,
veverees % REMAINING AUSCRBED MATRIX GAS = 769

FRACTION OF ORIGIMAL FRACTURE SYSTEM GAS PRODUCED = 0.0200

FRACTION OF ORIGINAL FREE MATRIX GAS PRODUCED

0.0042

FRACTION OF ORIGINAL ADSORBED GAS PRODUCED 0.0031

PFCYCLE 8 STEP 4 DPF = 0.2338D-03  SO5CH = 0.6140D 02 SGSC = 0.61520 02  P(1,1,1) = 297.5
PFCYCLE 8 STEP 7 DPF = 0.7147D-03  3QSCM = 0.56325D 02 SASC = 0.63330 02 P(1,1,1) = 273.8
PFOYAE 9 STEP 8 DPF = 0,9962D-03  SOSCM = 0.6419D 02 SQSC = 0.6428D 02 P(1.1,1) = 289.7
PF CYCLE 11 STEP 9 DPF = 0,7263D-03  S@SCM = 0.43190 02 SQSC = 0.463270 02 P1,1,1) = 285.3
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NODE

BEGINNING TINE-STEP

ELAPSED TIME = 470.000000

RATE Pl

4 4 1 0.838532E 02 0.4566400E 00

+ PF CYCLE 11

STEP 10 DPF = 0.4344D-03

NUNBER OF TIME-STEPS COMPLETED
SIIE OF TINE STEP

TOTAL ELAPSED TIME

SYSTEM CHANGE THIS STEP

SYSTEN QUTPUT THIS STEP
INCREMENTAL ERRCR THIS STEP

MET WELL PRODUCTION THIS STEP
NET INJECTION FROM MATRIX
NET DESORPTION INTO MATRIX

ORMULATIVE WELL PRODUCTION

CUMULATIVE INJECTION FRON MATRIX

CUMILATIVE [CESORPTION

WELL INJECTION THIS STEP
WeELL PROBUCTION THIS STEP
NET WELL PRODUCTION THIS STEP
CMULATIVE NET WELL PRODUCTION

TOTAL INITIAL GAS IN PLACE
FRACTIONAL RESOURCE RECOVERY

NET SYSTEM PRODUCTION THIS STEP
COMULATIVE NET PRODUCTION
ACTUAL FRACTURE GAS REMAINING

CALCULATED FRACTURE GAS REMAINING
CUM. MAT. BAL. ERRCR (FRACTURES)

10

Science Applications, Inc.
July 31, 1980

VARIAELE RATE NODES ARE SET AS FOLLOWS

PHF
33.000

g
89.479

PRES
215.620

VIS BG IP IVQ
0.00787 0.711378302 0 |

SQSCN = 0.4262D 02 SQSC = 0.6270D 02 P{1,1,1) = 281.4

10°

100.000000 DAYS
470.000000 DAYS
-2123.337 WCF
2123.251 WCF

-2.035 MCF

8335.518 MCF
6252.267 MCF
5527.829 MCF

43634, 406 MCF
28433.573 MCF
25120.057 MCF

0.0 MCF
3383.518 MCF
8385.518 MCF

43634.406 WCF

1441358, WCF
0.030259 %

2123.251 MCF

15200.833 HCF
227733, MCF
227778, WCF

-0.003091 %

1

-
.

0,112800D 05 HOURS
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NEW RESERVOIR PRESSURE DISTRIBUTION FOLLCWS

296, 296. 9. 2. B7. 8. 299. 299, 300
295. 295. 295. 295. 296. 297. 298. 299. 300

293, 292. 292, 292, 293. 295. 297. 298. 299, 299.
289, 239, 288. 237. 289. 292. 255. 7. 298

285, 284, 281. 279. 283. 288. 292. 295. 297. 8.
281, 273. 270, 261. 273. 283. 289. 293. 2%, 7.
279, 273. 259, 216. 2b1. 279. 287. 292. 295. 296.
279. 275. 268, 259. 270. 281, 288. 292, 295. 296,
230, 279. 275. 273. 218. 284, 9. W2, 5. B6.

282, 280. 279. 779, 281, 283. 289, 293. 2%5. 296,

.

NEW RESERVOIR DELTA-PRESSURE DISTRIBUTION FOLLOWS
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Science Applications, Inc.
July 31, 1930

eesceseses SUMMARY OF FLOM RATES THIS STEP (MCFD) ..........

WELL PRODUCTION INJECTION FROM MATRIX DESORPTION INTO MATRIX NET FRACTURE SYSTEM PRODUCTION
83.855 62.623 RN.3 21.28
470.000000000000 100, 000000000000 0.0 8385.517883300781
8383. 517883300781 43634, 405746459960 309.477496357883 -0.003090878931

& 4 1 215.62 217.84 0.470000D 03  0.816433D 02  0.436344D 05

3 3 1 267.77 271.13  0.470000D 03 -0.144733D 01  0.436344D 05

4 3 1 258.8 261.65 0.470000D 03 -0.156220D 01  0.436344D 05

S 3 1 270.3% 273.31 0.470000D 03 -0.131372B 01  0.4356344D 05

3 4 1 238.98 261.65 0.4700000 03 -0.1562190 01  0.4236344D 05

S 4 1 261.16 283.85 0.470000D 03 -0.142393D 01  0.426244D 05

3 5 1 270,34 273.31  0.470000D 03 -0.131372D 01  0.434344D 05

4 5 1 261.16 263.85 0.470000D 03 -0.142892D 01  0.434244D 05

3 5 1 272,81 275.26 0.470000D 03 -0.119338D 01  0.435344D 05

—— MATRIX PRESSURE DISTRIBUTIONS, SOURCE RATES — “gscy” s 'y *QscD"

RESERVQIR "HISTORY NODE* 4 4 |

268.4430  267.8397  264.9422 2527935 224.§912 215.4193 2.0260 2.0267 81.8291 1.8077
RESERVOIR "HISTORY NODE* 3 3 1

292.3250  292.0857  290.8347  285.75%4  272.8372  267.713) 1.1563 1.1573 -1.1563 1.0225
RESERVOIR *HISTORY NODE* 4 3 1

287.8951  Z37.59955  286.0902  279.7291  26A4.3945  238.3301 1.2983 1.2992 -1.2983 1.1502
RESERVOIR "HISTORY NODE® 5 3 1

92,9311 252.7575  291.4364  285,8625  274.9949  270.3348 1.0552 1.0561 -1.0552 0.9327
RESERVOIR °HISTORY NODE* 3 4 1

287.8962  287.59%5  286.0903  279.7291  244.3546  258.3301 1.29823 1.2993 -1.2983 1.1303
RESERVOIR "HISTORY MODE* S 4 |

283.5472  788.2624  286.3370  280.8280  264.46%6  261.134% 1.1963 1.1977 -1.1968 1.0598
RESERVOIR "HISTORY NOLE* 3 5 |

113



B i i &

292.9311  292.7575

Science Applications, Inc.
July 31, 1980

291.6364  285.8626  274.9950  270.3349 1.0352 1.0361 ~1. 0552 0.9327

RESERVOIR "HISTORY NODE* 4 5 1
236.8370  280.8280  266.4437  261.1570 1.1968 1.1977 -1.1568 1.0398

288.5472  233.2624

RESERVOIR °HISTORY NODE* 5 5 !
272.3108  287.8498  276.8709  272.413% 0.9660 0.9648 ~0.9660 0.8335

293.5702  293.3407

$35545434$ CURRENT INVENTORY OF GAS IN PLACE(MCF) FOLLOMS $$$$$5$55$

RESERVOIR GAS

22T784.4615

PF CYCLE {1 STEP
PF CYCLE 11 STEP
PF CYCLE 11 STEP

"FREE® MATRIX GAS *ADSORBED" MATRIX GAS
88726.370 1081413,

2000353 TOTAL REMAINING GAS IN PLACE(MCF) = 1397923.740

eseeseee K OAS REMAINING IN FRACTURE SYSTEN =  14.29

ceensess & RENAINING FREE MATRIX GAS = 6.3

cesens .- % REMAINING ADSORBED MATRIX GAS = T1.3

FRACTION OF ORIGINAL FRACTURE SYSTEM GAS PRODUCED = 0.0626

FRACTION OF ORIGINAL FREE MATRIX GAS PRODUCED = 0.0360

FRACTION OF CRIGIMAL ADSURBED GAS PRODUCED = 0.0227
11 DPF = 0.3731D-03  S@3CH = 0.6190D 02 3@5C = 0.6197D 02 P(1,1,1) = 278.3
12 DPF = 0,32850-03  SQSCM = 0.6104D 02 S@SC = 0.6111D 02 P{i,1,1) = 273.3
13 DPF = 0.49230-03 SQSCH = 0.6010D0 02 3aSC = 0.46017D 02 P(1,1,1) = 272.5
14 DPF = 0.4633D-03 5QSCM = 0.5912D 02 S@SC = 0.5719D 02 P(1,1,1) = 269.9

PF CYCLE 11 - STEP

BEGINNING TIMNE-STEP IS
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ELAPSED TIME = 970.000000 VARIABLE RATE NODES ARE SET AS FOLLOWS

NOTE RATE P1 PHF g PRES vis BG 1P Ve
4 4 1 0.750779E 02 0.484400E 00 83.000 89.479 206.938 0.00930 0.744121D 02 0 |

L w PF CYCLE 1t STEP 15 DPF = 0.4517D-03 SQ3CM = 0.5814D 02 SBSC = 0.5821D 02 P{l.1.1) = 267.4

~
[
[

MMEER OF TIME-STEPS COMPLETED 13

[ SIZE OF TI¥E STEP = 100.000000 DAYS
| TOTAL ELAPSED TINE = 970,000000 DAYS =  0.232800D 05 HOURS
SYSTEM CHANGE THIS STEP = -1495.393 NCF
SYSTEM QUTPUT THIS STEP = 1693.458 MCE
INCREMENTAL ERROR THIS STEP = -1.939 WCF
NET WELL PRODUCTION THIS STEP = 7507.793 CF
NET INJECTION FROM MATRIX = 5314.338 MCF
NET DESORPTION INTO NATRIX = 5145.317 WCF
CUMULATIVE WELL PROBUCTION = 82786.791 MCF
: CUMULATIVE INJECTION FROM MATRIX =  52443.984 MCF
i CUMILATIVE DESORPTION = 51647.647 NCF
| _
’ WELL INJECTION THIS STEP = 0.0 MCF
* WELL PRODUCTION THIS STEP = 7507.793 MCF
NET WELL PRODUCTION THIS STEP = 7507.793 MCF
L CLMULATIVE NET WELL PRODUCTICHN = 82786.791 MCF
o TOTAL INITIAL GAS IN PLACE = 1441553, MCF
C FRACTIONAL RESOURCE RECOVERY z 0.057429 1
NET SYSTEM PRODUCTION THIS STEP = 1693.454 MCF
CUMULATIVE NET PRODUCTION = 24322.806 NCF
ACTUAL FRACTURE GAS REMAINING = 218463, MCF
CALCULATED FRACTURE GAS REMAINING = 218645, MCF

CUN. MAT. BAL. ERROR (FRACTURES) -0.007948 %

NEW RESERVOIR PRESSURE DBISTRIBUTI(N FOLLOWS

206, 286. 286, 287. 288. 289. 290. 292. 292. 293.
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